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SOME COMMON INDIAN BIRDS. 

No. 3. THE SPOTTED OWLET (ATHEyE BEAM A). 


BY 

T. BAINBRIGOE FLETCHER, R.N., F.L.S. F E S . F Z S, 

hni)rri<(l EntomologiM ; 

AND 

C. M IXGLIS, M.B.O.l*., F.Z.S. 

Of the two score or so of species of o\els which are found 
(vitliin Indian limits, the Spotted Owlet {At/iew brama) i,s probably 
it once the commonest luul most familiar, as it ocours abundantly 
throughout the Plains of India and Purina (although not found 
in Ceylon) and is in evidence during the early evening often before 
sunset and long before dusk, when most other owls have not yet 
ventured out. It is, moreover, quite a domestic owl, keeping 
especially to trees in cultivated tracts such as gardens around 
houses, and it is commonly found roosting and breeding in the 
roofs of houses where these afford the uecessarv shelter. It is 
fond of perching on the hrancli of a tree or on a pole or fence or 
telegraph-wire ; indeed, as Hume remarks, it is one of the birds 
that seem to think that telegraph-uires were erected for their sole 
and especial benefit. It is a decidedly noisy bird, making itself most 
evident to the ear in the evening or early morning, but frequently 
I beard at intervals during the night, when a regular volley of 

( 236 ) 
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chuckles and squeaks is poured forth by one or more of these little 
owlets ; but the noise is not sustained for any length of time. 

In the daytime, like other owls, the Spotted Owlet hides away 
in some dark corner, such as a hole in a tree dr Wall or in a house- 
roof or even in a bungalow verandah if no better situation offers, 
emerging towards sunset to hunt for prey. As Cunningham remarks, 
it is most diverting to watch them emerging ; one after another, 
before fairly coming out, putting forth its queer little round head 
and staring eyes through the opening of the cavern. After they 
have emerged they usually sit very quietly for a time as thougli 
only half, awake, and arc either perfectly silent or occasionally 
utter a low-toned “ chink.” Then, all of a sudden, they begin to 
chuckle and finally break out into a perfect torrent of hoarse chatter- 
ing ; and finally, after having indulged in such exercises for some 
minutes, they spread their short, rounded wings and sail off to their 
night’s hunting. 

Howei'cr, it does not seem to mind the full blaze and heat 
of the sun, as we have seen it in the early afternoon on a hot .\piil 
day sunning itself with outspread wings on the bare gravel in from 
of the bungalow. A pair wliich have for years inhabited the bungaloiv 
of one of us (C. 51. I.) may often be seen during the daytime either 
perched on some samhliar s antlers on the verandah wall or else 
flying with undulating flight to a tree ui the garden, usually to a 
tamarind tree, and, after staying there a short time, returning to 
their hole. We have also seen them on a drizzly day seated on a 
perch outside, enjoying a shower bath. 

It is one ol the birds that hawk termites (white aiits, so called) 
along with Boilers, etc. 3Ir. Stuart Baker writes that they are 
great bat hunters, not catching them on the wing but haulmg tlieiii 
out of their holes ; but apparently all'fhcse owls do not wage w 
against bats and this habit is perhaps local or confined to a fe" 
individuals. 

It lives chiefly on insects and to a less extent on mice, sliieiv> 
and lizards, its insect prey consisting mostly of beetles and crickets- 
In the case of eight birds examined at Pusa by the late C. W. MasoDi 
of 69 insects taken, one was of a beneficial species, twenty-six v® 
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neutral and forty-two were injurious. Hume mentions a case, 
reported by Colonel Butler, in which a pair of Spotted Owlets had 
apparently attacked a nesting Parorpict (P. torqmins), killed it 
on the nest and taken posses.sion of this for tliemselves. As the 
Paroquet is a perfect pest to the agriculturist, \vc can only wish 
that the Spotted Owlet would act regiilailj in this way. At Piisa 
this little owl seems to live large!}' on large crickets (Bmchjlrypes 
ami Gryllotalpa) and on dung-beetles. There is mj doubt that it 
is a most useful bird in all districts where large crickets occur so 
conunonly as to do damage. As these crickets are iiocturmil, 
retreating into their suhtra'aneai; burrows durii’.g the daytime 
uid only emerging to feed under co\x*r of night, their most effective 
natural enemies are those, .such as the Spotted Owlet, which are 
also nocturnal and w'hidi can swoop down ami destroy tliem whilst 
they are feeding above-ground. Oj'p commoid}' sees this little 
owl swoop clown from its perch and catch some prev on tJie ground, 
returning to its perch to devour it, usually to the accompaniment 
ol a burst of chattering which is presumably its form of tlianlc- 
oflering for a good .supper. 

Our Plate gives a good idea of this little owl and tlie left-hand 
figure shows the terrifying attitude, assumed, after first sitting 
up very erect, by suddenly crouching down and frowning and 
glaring in a terrible way, to frighten any observer or in.truder. 

The Spotted Owlet breeds from rebrmiry to Aju'il, tlie period 
being slightly earlier in the South and later in Xortheni India, but 
the great majority of birds lay in Jlarcli, laying msually three, four 
or five -white (pink when fresh) eggs in a hole, in a tree or building, 
the nest being scantily lined with a few dry leaves, grass, decayed 
wood, or feathers. We have taken three clutche.s of three eggs 
each from one nest lint even then the birds wonhi not dwert their 
nesting site. Incubation evidently starts as soon as the bird lays 
as We have taken at the same time Irom one nest one young, two 
bighly incubated and one perfectly fresh egg. The fluffy young, 
when fledged, are drab-and-wliite with yellow eyes just like their 
patents and, also like their parents, are exceedingly noisy, each 
member of the family, as Hewar puts it, tallcing gibberish at_ tire 
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top of its voice, sixteen to the dozen, and as all will persist in speaking 
at once, the result is a nocturnal chorus that will bear comparison 
with the efforts of the cats which enliven the Londoner’s baot 
yard. 

Jerdon, quoting Sykes, writes that “ the Mahrattas have a 
superstition regarding this species, and a class of people calle/] 
Pingleh live on the credibility of the people by pretending to cojisnlt 
it and predict events.” Jerdon also says that this Owlet is used 
by Some shihtris to catch small birds. It is pegged out near a loir 
bush, the branches of which have been smeared with bird-lime, 
so that any small birds that come to mob it settle on the bnsli 
and are caught on the limed twigs. It is, however, noticeable 
that this owl does not seem to be molested by birds, as other larger 
owls are, probably because it is more at home in daylight and so 
does not attract notice by the blundering flight assunred by other 
owls when they venture out Iry day. Its flight is indeed far from 
a blundering one and, in a recent issue of the Bombay Natural 
History Society’s Journal, Mr. G. 0. Allen has called attention 
to its occasional habit of hovering ; this we have also noticed 
at times and it is probably assumed when watching some small prey 
which has emerged ftonr its burrow. 



the possibilities of agriculture in I\nTA 

WITHIN THE NEXT TWENTY YEARS.* 


HV 

D. CLOUSTON, C.I.E., M A., B.Sc . 

Director oj Agriculture, Central Provinces and Be ar. 

I HAVE to extend to you a liearty welcome to this meeting 
of the Agriculture and Applied Botany Section of the Indian Science 
Congress. I very much appreciate the honour of being asked 
to preside over this section. The subject on which I am to address 
you is one which will, I trust, be of interest to many here ; for most 
of us are beginning to realize how potent a factor science i.s in tlie 
development of India s greatest industry — agriculture. 

It has been said that in the career of a department, as in the 
life of a man, there are stages from which it is appropriate to take a 
glance backward and to contemplate the outlook of the future. 
Irophesy being the role of science, I am to play the part of a prophet 
oil this occasion in so far a.s I shall, in the light of the progress already 
made iii developing agriculture iii Imlia, try to giie some indication 
oi the rate of advancement to be looked for in future. 

At the present stage of advancement a stiuiy of the Iiistory 
agricultural development m Ihigland, where im.ny of the ditii- 
les were experienced which we are up against in India to-dav 
‘W prove helpful. Till the latter part of the eighteenth century 
^ m agiicidtural unit in Great Britain was the village with its scattered 
"'gs, common grazing grounds, lialf-.starved cattle and poor 
®ops lesulting from bad cultivation, which are so characteristic 
parts of India at the present day. JIany improvements 

^agpup^ 1920*^*^* Address tu tJio Agriculturul Srctiini id the Sivnith liuliaii Science Congress, 
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had been introduced before that time ; the more enterprising 
farmers had learnt, for example, hoiff to grow turnips, clover, artificial 
grasses and other fodder crops, how to avoid .tbe need of fallows 
by adopting suitable rotations, and how to grow crops in line ty 

using seed drills lor sowing and hoes for interculture. These improve- 

ments were, however, not generally adopted for many years because 
of the difficulty of protecting such fodder crops in villages uliidi 

had not been enclosed. 

The Napoleonic wars and the rapid development of our inanu- 
facturing*in<lustries in the latter years of the eighteenth ceutiuy 
and the early part of the nineteenth gave a great impetus to English 
agriculture by forcing up prices of farm produce. High prices, coupled 
with a rise hi the cost of labour, encouraged the use of labour-saving 
appliances and the production of larger acreage outturns. The open 
field system of scattered holdings with its bad cultivation which 
resulted therefrom began to give way slowly before economic 
pressure and the more intensive methods of farming which begai; 
to be adopted by the leading “ gentleineii ” farmers of the kml 
Consolidated holdings were fenced and the cultivation of turnipb, 
clover and other new crops, which were to revolutionize farming, 
were taken up on a larger scale than ever before. Progress, howecei. 
was not so rapid as it might have been, as most of our English 
farmers of this period, like their fathers before them, stuck to their 
empirical methods based on old use and wont ; for there was as ret 
no science of agriculture which could he applied to the solution 
of its manifold prolilems. Such advancement as was mack in 
those davs can be directly attributed to the interest taken m un- 
proved husbandly by men like Jethro Tull, Bakewcll, Lord Lmn- 
send and Aithiir Young who, though not tliemselves scientists ni 
our sense -of the terra, possessed the scientific habit of mmd " m ' 
theV brought to hear on the agricultural problems of the day. 

' Science began to be applied systematically to the developmen 
of the agricultural resources of England about the middle d « 
nineteenth century, and with very beneficial results. By better nn< 
ing and better feeding, her breeds of cattle, sheep and hor^r ^ 
improved out of all resemblance to their progenitors ; Great bn . 
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became the world’s stud farm. Labour-saving machirerv and 
better methods of cultivation were rapidly introduced and improved 
strains 0 seed raised. ^ More attention wa.s given to the improve- 
ment of he soil by drainage and manuring, to tiie protection, df crops 
from cattle, and to the better housing of live stock Vs a r ;■ It 
the improvements effected, the acreage yield of the staplVcrons and 
the average weight of cattle and sheep were more than doubled 
These and other improvements introduced i,., the latter half of the 
last century have added largely to tlie material welfare of the 
English farmer. Development wouhl have been much more rapid 
however, had her state.smen fully realized the enormous possilhlitics 
there were of agriculture being benefited by e.vperiment and research 
For the splendid progress tliat was made we are largely indebted 
to the great work don.e by scientists like Lawes and Gilbert ■ to 
enterprising seedsmen like Garton and Sutton ; to tlie ingeiniltv of 
manufacturing firms which vied witli each other in desi.im.. mm.hi 
nery suitable for the farm; and to the fine e.vamplo of the hlr.er 
farmers wlio were m a position to utilize to the full tlie modmi 
developments of organization and scientific knowledge. 

As a result of tlie exigencies or tlie great war now !iapi.)ilv 
ended, scientific eiuiiury in all brandies of industry has. since 1 !) 14 , 
been stimulated to an e.xtraordinary extent. Xever before has the 
value of agricultural science liad such recognition. Statesmen and 
the public generally have come to realize the ],aramount import, ■mce 
ul providing for the endowment of work coni'.eoted with the .levelop- 
Hient of agriculture on a scale eommen.surate with it.s great im,,or- 
tance, because they now .see, as they never did beiorm that - the 
countries which have made the greatest progress awl whieli obtain 
iiom their soil tlie highest retiirn.s are those wliidi liave increased 
eir research mstitutioms.” Denmark was obliged to ilo so after 
icr defeat by Germany in 1803, and Jia..s. as tlie re.sult. been aide to 
mciea.se the acreage outturns of her .stajiie crops by :24 per eeiii . 

e short space of a little over oO years. Geriuanv, foi'eseeii'" 
Po^mbility of being blockaded by the British tleot'in the eveito 
of Iwd. for 4t) ycaits prev ious to the outbreak 

’'ar, been studiously organizing her institutions for experiment and 
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research in agriculture, with the result that, when war broke out, 
her resisting power came as a most unwelcome surprise to the allies, 
who had hoped to sap her strength by starvation. 

Let us now consider the position of agriculture in India and the 
possibility of our benefiting from the experience gained in otlier 
countries. The economic conditions which obtain at the present 
time in India resemble in many respects those which stimulated 
agriculture in England in the early part of the nineteenth centurj . A 
great war has again forced up the prices of farm produce to an abnor- 
mal figure. The industries of this country are being developed 
with phenomenal rapidity. The cost of farm labour is -rising and 
will continue to rise, for the new industries will contmue to draw 
workers from rural areas. If they are to take full advantage of the 
golden opportunities which are now offered them, landholders in this 
country will have to use labour-saving machinery on a much larger 
scale than formerly, and they will be obliged to adopt more intensive 
methods of cultivation all round, involving manuring and irrigation 
on a large scale. So long as prices remain at their present high 
level intensive cultivation will pay handsomely. Manures, for 
instance, which were applied at a loss five years ago, can now be 
applied at a handsome profit. The present favourable position of 
the market for agricultural produce marks, in short, tire beginning 
of an era of prosperity for the cultivator if he will but taJre advantage 
of his opportunities. He will have, however, to re-adjust in raauv 
ways his system of agriculture. To be successful he will have to 
put more brains, energy and capital into his work ; and in this 
we hope that the larger landowners will, hire the “gentlemen 
farmers of England of days of yore, take the lead in restripping and 
consolidating their holdings, and in developing the capacities 
of their ojvn estates. It will be the duty of the department of 
agriculture to play its part by placmg at their disposal the best 
possible scientific and practical advice, and in the shortest possible 
time. I am confident that the Government of this country will 
play its part well, and that the hissez-Jaire policy, formerly adopted 
to the detriment of agricultural development in some couiitiies 
in the West, will not be followed by statesmen in India. 
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Of the value of the work accomplished by the Department 
ol Agriculture m India within the last 13 or 14 years the Indian 

Industrial Commission has written as follows : “ The striking 

financial results which followed quickly and directly after the 
employment, from about 1905, of scientific specialists in agricultural 
research, demonstrate the wisdom of investing in modern science.” 
This is the unbiassed opinion of a body of men who had considerable 
opportunities of studying the facts on which they based their 
conclusions. The work which the department has already accom- 
plished is undoubtedly adding annually to the farming profits of the 
country a sum which exceeds its total annual expenditure many 
times over. The rate of advance, moreover, is likely to be verv 
much greater in the near future than it ha.s been in the past ; for 
we now have a backgtoiuid of exact knowledge available which 
gives us a most useful basis for future progress. M'e have behind 
U.S, moreover, an enhghtened government which has set its seal of 
approval on the work already accomplished, and which has deter- 
mined to make ample provision for further expansion. 

The achievement which has perhaps appealed most to the 
public is the introduction of superior varieties and strains of seed 
of the principal staple crops. To take only thivc of these, namely, 
cotton, wheat and rice, there is reason to believe that approximately 
two and a half million acres of improved varieties of cotton, and one 
each of wheat and rice, are already being grown. If the extra 
annual profit aceming from the cultivation of the.so were onb- two 
rupees per acre even, it would mean in the aggregate a total extra 
profit of approximately 90 laklis of rupees, which far exceeds the 
total aimual expenditure on all tlie departments of agi'iciilture hi 
India ; but the actual extra profit from the introiluction of improved 
varieties of these tlu'ee crops is at loa,st four times tlie amount 
"liich I have stated. This, moreover, is only a fraction of what 
has already been achieved, for tlie activities of the department now 
extend over a wide field including not only crop improvements, 
hut the introduction of better and more intensive methods of culti- 
vation all round. The introduction of a one per cent, hiiproveinent 
here and of a two per cent, improvement there is, in the aggregate. 
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adding largely to the wealth of the cultivator, and is fitting him for 
further progress. It is evident from what has already been accom- 
plished that the department should, within twenty years, be in a 
position to introduce improvements which will add many crores of 
rupees annually to the farming profits of the cultivators. 

The extent to which future progress can be guaranteed will 
very largely depend on the measures adopted by the Government 
of this country to secure an adequate staff of first class specialists 
in agriculture and the sciences allied thereto. We want the very 
best brains which the universities of the West can turn out, to 
help in the solution of India’s agiicultural problems, and to help 
in training Indians for this great work. Nor should time be wasted 
in getting these, for to train research men and original experimenters 
effectively takes many y'ears, and such men even when fully trained 
cannot reasonably be expected to produce results till after years of 
careful investigation as a rule. Owing to the present shortage 
of staff our work is being carried on mider great difficulties, and 
progress is retarded thereby. The value of the improvements already 
effected by a small staff has no doubt been surprisingly great ; but 
let us not forget that up to the present we have tackled only the 
most obvious lines of improvement. We have merely scratched 
the surface so to spreak ; for the new knowledge which is to add 
tangibly to the profits of the cultivator we shall have to dig deeper. 
We have not as yet, for instance, given much attention to the 
question of cattle improvement by better feeding and breeding. 
Personally I am of ophiuon that this is one of our most hopeful fields 
of investigation, and I am confident that wonderful improvements 
can and will be effected within the next twenty years. 

Much has already been accomplished in the way of improving 
the staprle /rrops of the country by selection and hybridization, 
and this has paved the way for further improvements by better 
tillage methods and manuring : but for better cultivation wc require 
better implements. Some thousands of improved ploughs, cane 
mills and other implements are now in use in rural India ; but the 
existing demand is, I am sure, a mere fraction of what it will be in the 
near future. It is the duty of the department to see that this growing 
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manufacturers m devismg suitable implements ; to induce amd 
cultural associations and unions to start depbts for the demonstratit 
sale, hire and repair of types suitable for the tract for which thev are 
mquned ; and to assist purchasers in setting up plants, if ncceJsarv 
But here again we are at present handicapped for want of a staff 
specialists, borne provinces have not yet obtained the services 
01 an Agricultural Engmeei, with the result that duties which 
ordinarily all to such an expert are entrusted to Deputy Directors 
very few o whom have had any training in mechanical Lginccring’ 
Ve urgently require for each province an Agricultural Enginee': 
to kip to devise and set up unproved types of agricultural machiuerv ■ 
and we want to get implements of the type required manufactur'ed 
Oil a IsT'ge scale lu this country. 

Much of the cultivated land in India ]ia.s almost reached the 
maximum state of impoverishment; a great part of the cattle 
manure, which ought to go back to it, is burnt as fuel ; and other 
available manures have not yet been used e.xtensively Indian 
soils over large areas have thus been staiwed for centuries, and are 
hungry, and therefore very responsive to manuring. It is largely 
due to the judicious application of water and manure that the 
crops obtained on Government fauns are so mucli better as a rule 
than those of cultivators in adjoining villages. The te.stii)g of given 
manures, oilcakes, bones, h.sh, mineral manures, etc., and the 
study of their relation to bacterial life in tlie soil have been started, 
rhe results already obtained indicate tlie great need there is of 
oMucuig the cultivator to do everything in hi.s power to conserve 
IS xarmyard manure, and to supplement it by using otlicr available 
manures such as bones, oilcakes and green manures. In this the 
( epartment can, and is giving him valuable assistance .by advising 
uin as to the kinds and quantities to apjily, and liV iielping him to 
organize depots for the sale of manures which can Iw used oconomi- 
ca. ly, It can assist, too, in establishing fuel reserves for the siipplv of 
uc to villages ; for want of such reserves cultivators over the greater 
part of India are compelled under existing conditions to use the dung of 
cir cattle for fuel. There is no other course open to them at present. 



246 


AGRICULTUllAL JOURNAL OF iNDlA 


[XV. Ill, 


The damage done annually to our staple crops by fungal 
diseases and insect pests is enormous. Here again we have a 
promising field of investigation which, for want of staff, we haa e 
not as yet been able to explore at all fully. Much has been done no 
doubt in the way of studying the life-histories of these diseases aiu] 
pests ; but with the limited knowledge at our disposal we are not 
yet in a position to recommend remedial measures except in a 
very few cases. 

The conditions for fruit-growing in India are moat favourable, 
and the subject is now beginning to get some attention from the 
department ; but here again for want of experts in fruit-growing 
the work is at present relegated to men who have no special know- 
ledge of the subject. The whole field of agriculture, in short, is still 
bristling with unsolved problems, which cannot be investigated 
effectively for want of trained specialists in the different branches 
of agricultural science involved. 

The degree of specializatioti and of intensive concentration 
required for sound research in the different sections of the depart- 
ment is not possible at present. The circle of the average Deputy 
Director of Agriculture, for e.xample, is so large and his duties so 
manifold that he can. devote only a small fraction of his time to 
experiment aird research without which real progress is impossible, 
From the results already obtained by our botanical experts, who 
have devoted attention to the improvement of the staple croj)s, 
there is but little doubt that it woidd pay handsomely to employ 
in each province a sufficient number of first class botanists to deal 
with all the more im))ortant crops ; and the number of crops allotted 
to any on.e man should not ordinarily exceed two. There ore 
undoubtedly problems enough in each province to occupy the whole 
time of several such men. To jmt one man in charge of more work 
than he cart do efficiently is, in short, false economy, and this ajiplifs 
not only to Deputy Directors and Botanists, but to other experts 
as well. In every section the men employed arc too much distracted 
at present by the great variety of problems which they ha\ p to 
tackle. So long as we are understaffed, moreover, it will be ini' 
possible for experts to give their assistants the specialized training 
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which is so necessary in the interest of efficiency. Farm Superin- 
tendents should, for example, be trained in exirerimentation, plant 
improvement and other lines of work entrusted to them before they 
are put in charge of experimental stations ; and the men to be put 
in charge of demonstration and organization work should similarly 
be specially selected and trained for that class of work. 

If We neglect to make adequate provision for experiment and 
research, We shall sooner or later find our.selve.s in the position of 
having nothing new to teach the cultivator ; if given an efficient 
staff on the other hand, there is reaison to believe that it will become 
increasingly easy to get him to adopt our teaching ; for as a result 
oI the work which the depaxdment has already accomplished his 
confidence has been gained to some extent, and he is now more 
willing than ever he was to make use of now ideas. To get that 
teaching adopted in the shortest jiossible time, we shall require 
many more government farms, and a more complete district organi- 
zation, including taluq agricultural associations and unions, working 
under the guidance of the department. Eacli taluq or tahsil of a 
province should have its own government farm to which cultivators 
could come for help and advice. From these farms they would 
get their supplies of improved seeds, manures and implements ; 
and agricultural literature of interest to them might also be stocked 
there. The taluq farm would be tire centre for the meetings of 
the taluq agricultural association and for agricultural shows. It 
would be the centre, too, lor agricultural education. Each farm 
might have its owm agricultural school where the sons of landholders 


could be trained in the practice and principles of agriculture. The 
villages of the taluq might lie divided into gi'oups of ton or more, 
each group constituting an agricultural union which might have its 
own co-operative shop or depot for tlie supply of seeds, implements, 
manures, agricultural literature, etc. The taluq agricultural associa- 
tion Would consist of the office-beai'ers of those agricultural unions, 
while the members of the agricultural union would be the represeiita- 
ti\es of the ten or more villages included in tlie union. These 
mfions Would arrange for the sale and hire of implements in the 
tillages and for the sale and distribution of other articles stocked 
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in their depots. Each village of a union, might have its own seed 
farms, its o^vn stud hull or bulls, and its own fuel reserve. To 
control this organization efficiently it would be necessary to have a 
managing committee for each district with the Deputy Commissiorer 
as chairman and the Deputy Director of Agriculture as agricultural 
adviser. The non-official members of the committee might consist 
of representatives elected every year by the taluq associations. 
The duty of the committee, would be to define the policy to Ijf 
followed by the taluq associations and unions controlled by them, 
and to allot funds for the demonstration w'ork carried out by the 
unions. In order to provide money for this work each union could 
be called upon to contribute part of its profits to a general fu],‘d, 
District and taluq agricultural agencies organized in this wav 
would be the medium through which legislative measures for the 
advancement of agriculture and the amelioration of the peo])le 
would be cao:ied out. Through these agencies one or more model 
villages with comsolidated holdings, sanitary houses, schools, tiim 
fences and serviceable roads could be laid out and run as object- 
lessons for the whole taluq. A .system of demonstratio]i and ccj- 
operatiou run on these lines would, I Ixdievo, help to break down 
the barriers which at presort stand in the way of progress. 

In conclusion. I would ask whether it is too much to e.\])cet 
that within twenty years the department if adequately staffed will, hy 
patient, coircentrated, and iidensive investigation, have acciimuliited 
a body of knowledge in every branch of agricidture which mar' 
benefit India to the extent of many crores of rupees anirmdlv. 
And is it too much to expect that, by working with aird t]ivoii«li 
the people, it will be possible to get them to apply that knowledge I 
In the past the departmeirt has had its successes and its failines, 
but its successes have been far greater than Provincial Governmci'.ts 
ever anticipated. An ora of still greater accomplishment lies aliead 
of us. Our successes of the future will, I am confident, surpass nur 
highest expectations. The great task of reconstruction, wliicli lies 
before us is well worth all the energy and brains we can. put into it ; 
for on the development of her agriculture depends not ojrlv the 
prosperity of India’s many millions of agriculturists, but to a great 
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the lo of thoeo engaged in other induatnea dependent on 
agrrcu ture. Inc,ejn*d p,«d„„ti„„ „i|, ^ 

poverty from the tad, and to bring the realization of „"t 

hope, namey.to ^e India “a garden ringing nith ohee.ful arrd 
contented life, with smiling fields and food in plenty.” 



SOME ASPECTS OF PLANT GKNETICS.* 


BY 

W. BURNS, D.Sc. 

Eemomic BoUiimt, Bombay. 

About a month ago I received from the Secretaries of this 
Congress the invitation to take the place of Professor Fyson of 
Madras as Chairman of the Botany Section. You will, I anr sure, 
join me in expressing our deep regret that Professor Fyson is 
prevented by ill-health from joining us. We miss him, and we miss 
his address, but we hope that on some future occasion we shall 
have the pleasure and instruction which a pronouncement by 
him is sure to afford. Meanwhile, we wish his speedy return to 
health. 

In the very short time at my disposal I have attempted to put 
together a few thoughts on “ Some Aspects of Plant Genetics,” 
The scientific study of plant genetics is not of very ancient date, 
and, in this country, the work done is still of moderate dimensiors. 
There is, therefore, some possibility of taking stock of our achieve- 
ments and of estimating future progress in this branch of botanical 
science. 

I am not forgetful that this is the section of pure botany, and 
that matters affecting agriculture and applied botany are dealt 
with by another section of this Congress. But I myself, in my pro- 
fessional capacity, am somewhat of a hybrid between a pure and 
an applied botanist, an Fi hybrid,- if one might so express it, witt 
applied botany partially dominant. I trust that the partially 

* Presidential Addreas to the Botany Section of the Seventh Indiau Science ( 

Nagpnr, 1920. 
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chTACte, of p™ botoj i„ HI, 

,U evidence, even if tinged and modified by tlio .strmmer f 

In this connection I would quote the followirTg word" i o l^? 
Jolin M. Coulter at the Baltimore meetinn hasU-e., t ri i 
Association for the Advancement 

“ In the days ahead, the botanist who remains narrow will be 
stranded. rnust recognize in every field of botanv an iinportan 
actor - ^ soi,t,on of problems. A man is expected to thiirk 
his own field the most importmd, but if he think, s other fields rm 
important, he has blocked bi,s own progre.s.s and i.s boimd to nX' 
m ever narrowing cuvle.s. One of the demands upon us. there at 
IS to cultivate the synthetic attitude of mind : to .levelop o^^ 

. our own specialty a penumbra of the botanical perspect ve 
ot er words, botanists must cease to be provincial, thev mus 
not be citizens merely of one .small grouj), with uo larger cmitact 
ut citizens in the world of .science. We must not rcmiain per ’ 
tently in the narrow valley in which our work lies: but we nunJt 
get on to the mountain top often enough to realize the iierspoctive, 

crest 1 it wa.s this that 

cr ted the new opportunity. This means that we are to .see to 

It that botany IS recognized as the greatest field for universal service 
fedicme holds that opinion now in public estimation, simply 
ecause it ministers to the unfortunate, but they are in the luiiioritv 
B tamcal research underlies an essential mini,strv to all. Disarti- 
culation of botany from it,s practical .applications ha.s been most 
unfortunate and must not be continued. What we have failed 
0 do IS to establish the contacts hetweeu science and practice 
thT p...,.i,i,™ e™, |„ 

01 public service. 

have'!!!' should 

free stin application. Research must be absolutely 

impoit2"e r] knowledge, but the 

should be em knowledge m solving practical problems 

emphasized at every opportunity.'’ 


‘ Sewia, April 18, 1919, pp. 3M-3B5. 
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Do not, I pray you, take these w^orda which I have quoted as a 
criticism. I pass them on to you as a stimulus to that broad scien- 
tific scholarship and healthy co-operation which in these specialist, 
days is all the more necessary. And I Would also remind you that 
while the specialist brings the material, it is the scientist of largo 
outlook who can from special facts build up those generalizations 
that give coherence, meaning and power to our knowledge. Dillerent 
men have different talents, one may be an ideal investigator and 
another an ideal interpreter, but the investigator will be none the 
worse of a knowledge of what is going on in branches other than 
his own, nay, he will bring his rough material at least a little hewn 
and squared for the final building. 

Plant genetics (or the study of heredity in plants) is one of 
those subjects in which fundamental scientific truths discovered 
or in process of discovery by pure scientific w'orkers have been of 
immediate value in their practical application. It is, however, 
the case that the progress of research in genetics is in advance 
of the degree of use to which the truths discovered can be piit, 
There is no fear of genetics degenerating into a mere mechanical 
art, if such there be. Again, it must be remembered that much oi 
the earlier material for the study of genetics came from the records 
and experiments (crude though both were) of men who were I'ot 
scientists, but practical breeders. Genetics, therefore, is one of 
those branches of science where, if anyw'here, there should exist 
the most understanding and cordial co-operation between tlie 
pure and the applied scientific workers. 

Let us look for a little at the historical aspect of plant genetics, 
I do not propose to repeat in detail facta which are so well put in the 
various histories of botany now available. The citation of a fev 
names will serve to recall to you the general trend of work in the 
past. Previous to or contemporaneous with Mendel (whose mam 
work, you recollect, was published in the middle of the nineteenth 
century) we have among practical breeders Van Mons of Lou\aui! 
who originated many varieties of pears ; Knight of Britain, also s 
horticulturist ; Shirreff, a Lothian farmer and originator of valuable 
varieties of cereal crops; Cooper, an American and a discoverer 
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of tiic benefit of selection as against mere “ change of seed. ” Amon 
pure scientists I may cite the names of the hybrid ist.s Kolreuter 
,0,1 Giirtner, assiduous experimenters; Charles Darwin, than whom 
,10 more painstaking or succes.sful compiler of information 
existed; and lastly Mendel himself. With the re-discoven’'^'^of 
^renders work and the fact of its standing the test of repeated 
experiments began the new era in the study of heredity The term 
Genetics, happily devised liy Bateson, is now applied to tiris new 
branch of biological science. Batc.son, Punnett, Biffen . tlie lamented 
Darbishire and others have built up this branch of the science ii, 
Britain. America provides a legion of enthusiastic workers whose 
productions bid fair to outstrip those of any other nation. On the 
Continent there are many pioneer and famous workers who.se name.s 
are household words wherever biology is studied. A glance at the 
membership of the International Conference of Genetics will refresh 
your memory. In India such work as has been done in plant gene- 
tics has been mainly (but not entirely) due to the botanists of the 
Department of Agriculture. There is no reason, however, ^^dly such 
work should be confined to them, and e\-ory rea.sou against it. On 
account of their being members of an agricultural depaitment their 
ivork on genetics is naturally confined to plants of economic impor- 
tarce. There are thousands of other jilants presenting new and 
fascinating genetic problems that would amply repay tlie research 
of those who are not l.ound to deal only with agricultural plants- 
And, again, there is no reason why botanists of tlie department of 
agriculture should not welcome co-operation in the study of agricul- 
tural Jilants from those not in the department. Professor Fyson i 
some time ago published a useful paper on liercdity on. cotton, 
and I propose in. a later jiart of this paper to jmt before vou some 
problems in which I believe all can lend a hand. From the side of 
practical useDilncss, or from the side of the search for fundamental 
ruth, there ia a large field iii India forgeuetical investigation. We 
0 the added advantage of being able to grow in the open air many 
P ®ts^t.ha^ can live only in glasshouses in Britain and most parts 

So. C. ' 0/ rkl'l- «S .igvinlturt !n Iii<li(i. Bohiilcnl Strie.^, Vol. H, 
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of America and the Continent, and therefore a great incentive to the 
study of such plants. 

An additional reason for the study of plant heredity expeiinieiit. 
ally by non-agricultural botanists is the fact that the subject of 
heredity in plants and animals now figures in the science syllabus of 
most of the Indian Universities. Actual material is necessary for the 
instruction of the student and the enlightenment of the teacheio 

This brings me to the second aspect of plant genetics with 
which I desire to deal, namely, its educational aspect. At this 
stage in the worldh progress and in the progress of India, it is surely 
unnecessary for me to insist on the desirability of training in science 
as an essential part of all education. Yet old prejudices die .sloivly, 
The eloquent words of Huxley i put the matter concisely, and ate 
worth requoting : they serve once again to bring before us the main 
end that the study of plant genetics and of other sciences ought to 
serve in education. 

“ Yet it is a very plain and elementary truth that the life, 
the fortune, and the happiness of every one of us, and more or 
less of those who are connected with us, do depend upon our kiimvirg 
something of the rules of a game, infinitely more difficult and com- 
plicated than chess. It is a game which has been played for untold 
ages, every man and woman of us being one of the two plaicis 
in a game of his or her own. The chessboard is the world, the 
pieces are the phenomena of the universe, the rules of the game 
are what we call the laws of Nature. The player on the other side 
is hidden from us. AVe know that his play is always fair, just and 
patient. But also we know, to our cost, that he never overlooks a 
mistake, or makes the .smallest allowance for ignorance. To the 
man who plays well, the highest stakes are paid, with that sort of 
overflowing generosity ivitli rvhich the strong shows delight in 
strength. And one who plays ill is checkmated ^without haste, 
but without remorse. 

“ My metaphor will remind some of you of the famous pictus 
in which Ketzsch has depicted Satan playing at chess with inm 


^ Huxley, T. H. lay Htrmms, and Revitws, 1870, pp. 30-37. 
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for his soul Substitute for the mocking fiend in that picture u 
calm, strong angel who is playing for love, as we sav ■„ 7 n 
rather lose than win-and I should accept it as an image of humlii 

“ Well, what I mean by education is learning the rules of this 
mighty game. In other words, education i.s the instruction of th 
intellect m the laws of Nature, under which n-il ® 

merely things and forces, but men and their wai-s ■ mid T ' ' 1 

aig oftheafieetionsandthewill uito 
desire to move in harmony with tho.se law.s. For me. education 
means neither more nor less than this. Anything which professes 
to ca l Itself education mu.st be tried by this .standard a uMf 
it fa s to stand the test, I will not call it education, whatever 
2^be the force of authority or of luimber.s upon the other 

ft behoves us botanists, as eiitlmsiastic believers in thi.s doctrine, 

0 push It at ei-ery opportunity. In our capacity as teachers, mem- 
bers ol the governing body of a college or a universitv. or merelv as 
private cit,2ens we should do our best at ei-e.y turn io get this idea 
worked into the iabnc of Indian education wh.oli .still sulfer.s fr„iu 
0 vei,< faults against which Huxley inveighed. AVe desire above all 
mgs firmly to establisli in the Immau mind that belief in causation 
e inevitable Cham of cvent.s. tliat makes a man free of ,super.stition: 
aile to weigh evidence and arguments, and amenable to reason 
j-i h characters make for good citizensliif, and for personal and 
usiuess morality f would not weary you with quotations, but I 
u l commend to your attentioii the very full tieatiueiit of this 

cWter of'v himself a geneticist, in the first 

;^tei of his Grainiiiar of Scuence.” The study of genetics is of 

of the h' '' «o«oIogy- Kugeiues is the genetics 

heredity '“7 ''' oi 

whodsof 

eugen “^1 T 

if mL 7 ' 

J genetics forms a part of education. 
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I am not prepared to give a dogmatic opinion as to the stage at 
which, genetics should be introduced into education, but I would 
observe that a teacher, himscli trained in genetics, will be able in 
the course of an ordinary school Nature-study course to lead Ids 
pupils to observe some of the salient facts of heredity and en^ iron, 
ment. Caution and tact are, of course, essential. It will not do 
at all if we find the said teacher expounding Mendehan ratios to 
his bewildered class. But there are many facts of variation, a great 
many of adaptation, and a certain number of inheritance that can 
be quite well employed. 

In our college and university courses the matter should be dealt 
with as fully as possible, and that possible can be \er\ mil 
indeed. This can only be, however, if the college or university is 
provided with some place where plants can be multiplied, reared and 
observed in successive generations. A sine qm non of a inodein 
botanical installation ought to be a breeding garden including a 
plant house for plants that need protection, and if no other space 
is available, some part of the existing botanical garden should Ije 
given up to this purpose. The teacher must, ol course, lie able to 
grow his plants successfully. Although he may not be much oi a 
gardener to begin with, the failures of one season will hel]) liniui! 
the next, and it will not be long before be can grow anything intli 
roots, and teach his students to do the same. 

As one who has had a little experience in the teaching of jdaKt 
genetics as part of a college course, I may be perirattcd to indicate 
one or two important points and some difficulties in this teacliirg. 

For the study of variation we are surrounded by endless iiiateiiaL 
The leaves of the fig, mulbeny and other trees give us c.vaiuiAi 
extreme leaf variation in the same tree. Any field of an auuia 
crop w'ill provide material for the study of variation between ir.(li'> 
dual plants in height, colour, productiveness, etc. The studciib 
should weigh or measure a .series of natural objects ami the tota 
results of the work of the class can he put together and plottol ' 
show the frequency curve. Seed of extreme and mediocre siimpf> 
from self -fertilized plants can be saved for the study oi 
generation. Without some such practical introduction 1 “ 
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loaud it difficult to get men to understand tlie curve of frequency 
11, ,d, as Its explanation must necessarily come very early in the 
diole subject of genetics, inability to grasp its significance means 
disheartenment and cessation of interest and progress I an 
inclined to thnik that the more matlicmatical part of plant genetics 
should be left to a little later in the programme. If too much 
^ this IS given at the start the student is both frightened and bored 
He asked for plant genetics, and behold mathematics, \fter some 
of the more interesting nnrk we can again recur to the mathematical 
aspect and the student will be more able and willing to deal with it 

A keen lookmnt should be kept for mutantAothat^^^^^^^^^^^ 

may see actual examples of these. Unless one knows the pedigree 
of a given culture, one cannot, of course., say that a given aberrant 
plant IS a mutant, but aberrant plants found in otherwise homo 
geneous cultures where vicinism is unlikely may be called mutants 
unless their posterity shows otherwise. Ornamental garden annuals 
are tlio last material to l.)e used for (his studv as tliev are tJic result 
of long processes that jirolialily included cros.sing 'and hence an 
aberrmit plant may lie merely the result of a lieterozygote splitting. 

The study of natural self-jiollination and cross-pollination 
be carried out witli ea.se on any large-flowered plant. 


call 


'‘U.'’ laige-nowered plant. The 

Malvacoie present an admiral.le series f,>r tin's purpo.so. I would 

so icit your attention to the admirable teaching material tliat may 
be extracted frmn certain memoirs of the agricultural department 
dealing with this subject. 

Plants of the Malvacem and plants of tlic Leguminosa^ can be 
used tor hybridization jiractice and to illustrate the law of Jlciidel. 

IS, of eourae, necessary to be sm-e that one is dealing with pure 
loiuozygous parents, and this can only be ascertained if one breeds 
e P ants for at lea,st a generation from self-fertilized seed. 

Maize offeis many interesting a.iul easily demonstrable points, 
also a huge literature about the genetics of maize. In 
xpi' between plants with dift'erent endosperm show the 
^Hua effect m the cob of the female parent and the selfed F, plant 
')\\ the Mendelian ratio in its cob. A cob with many types 

S6cd Oil if 4- 1 

n It, not an uncommon phenomenon, offers an excellent 
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starting point for the isolation of its constituent races. The only 
difficulty about maize is its tendency to degenerate when repeatedly 
self-fertilized. Its great advantage, in addition to those mentioned, 
is the great number of generations that can be crammed into one 
year. In the dry season the plants need a very heavy manuring to 
prevent premature flowering and perhaps the failure to form female 
inflorescences. 

For the expounding in the lecture room of Mendel’s law and its 
effects various devices have been invented. Here is one that I have 
been instrumental in introducing. The apparatus is two packs of 
ordinary playing cards. These are familiar objects to the students, 
and their appearance on the lecture table of a staid jorofessor excites 
a certain amount of amusement and the necessary interest. Tlie 
black and red are supposed to be the allelomorphic pair, black being 
dominant to red. The union of a black and red gamete is easily 
shown and tlie character of the Fj hybrid is shown by a black card 
hiding a red one. The gametes of the F, hybrid are represented by 
a pack each. One pack being the female and the other the male 
gametes. The essential part of the demonstration is the very 
thorough sluiffling of each pack. I usually get three students in 
succession to shuffle each jiack. In fact I let tire students carry 
through the wliole thing so as to avoid any appearance of any 
other ageist}’ than chance. One card is then taken from oadi 
pack and each pair is clasised under one of four heads Black-Black, 
Red-Red, Black-Red, Red-Black. In theory there ought to be 13 
under each head. This fairly often comes out. If it does not, 
one has an excellent opportuiuty for explaining the nature of cluuicc, 
and showing how with a larger number there is a greater likelihood 
of gaining the theoretical ratio. Coloured counters or beads may be 
similarly used. The mating of plants differing in two pairs oi 
allelomorphs can be worked out by using beads differing in colour 
and in shape, tied together in the ajrpropriate pairs. These may 
then be mixed in a bag and brought out in a manner .similar to that 
used for dealing with one pair of allelomorphs. 

Aji interesting method of explaining Mendelian phenomena as 
distinct from demonstratmg them is that described by Professor 
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Jjjye Holmes Millei-i of the State Normal School, Los Angeles, 
California. He reasons thins; 

Practically every high school graduate has had at least a 
year of algebra and has learned by rote the .sriuare of a + 1. 
Whether or not he remembers that - 3ab -|- W represents all the 
possible combinations of the two factors, he is in a position to be 
reminded of that fact and to take the first short step into the unfami- 
liar. If fl and 6 represent the two types of gametes produced by the 
heterozygous parents P„ then a" m ‘2ab -r represent.s all the 
possible progeny in the F, generation. Factors of second power 
represent pure strains, because the dctermiiiei' is the same from both 
parents. Conversely, factors of the first power repic.scnt hetero- 
zygotes or the union of uidike determiner.s. 

“ The greatest service of the method ap])ears when tlie two 
sets of allelomorphs arc combined. The .student lias learned to 
multiply a'^ + 2u6 -f 6- by the e.xpression — 2xij -i- 1 /. He will 
perform the operation as one familiar to him and he can readily 
be taught to recognize the four pure strain.s a- ./'h a- h- x-, 
Suppose a and y represent the dominant character.s and b and 
.cthe recessives, emphasizing the fact tliat tlie dominant is effective 
whether appearing as a first or as the second power. .Supposes 
represent tallness and y repire.sent red Howei in a plant, (fathering 
the results of the multi])lication according to visible attributes 
we have four columns representing the Jlendelian ratio 9:3:3:]. 


Tall rt-d 

Tall nliiti- 

iHvarf iX'd 

J.Hvaif white 

2 a\\y 

a*\” 


b-.x^ 

4 ab.\y 

2 ab.\- 

2 b^xy 










y 

A 

Z 

1 


This is only one of many ilevices all alike fundamentally, but it has 
the great value of utilizing a familiar process. Many times I have 
seen it clear up a badi)' fogged situation. It is worth trying on the 
discouraged pupil at any rate.” 

* iSciew(, Fi-bruary 7, I'JUt, j)]). 14S-U'.t. 
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I believe it to he an excellent metbod to have large scale pictorial 
records of the progeny of a selection or a cross through sevi va] 
generations and hang them on the wall of the genetics laboratory. 

Practical work in a genetics course must obviously run for two 
years and must involve the study of variation, the isolation of types, 
the selection of plants and the study of their progeny, the techniipie 
of hybridization, the study of the progeny of hybrids, and the 
methods of recording brcedmg work. 

i\Iuch observation of a completely new type can be done on 
floral mechanism and flora) physiology. The observation of the time 
of opening of flowers, timeof anthesis, time of ripening of the stigma, 
fertility and longevity of pollen, period between pollination ami 
signs of fertilization, etc., afford admirable educational discipline. 
The observation of the opening times of some flowers may im ol\e 
getting up once or twice during the night, and this should not be 
shu'ked by advanced students. 

For students who intend to present an Jl.t^c. thesis I can inuigine 
no more fertile subject than plant genetics, provided the material is 
carefully chosen and the work well guided. 

We are now fortunately much bettof off for text-books tliai; wc 
were a little while ago. There is a new edition of Punnett’s "ilcndd- 
ism,” and Darbishire’s book on the same subject is of great use. 
From America we have the useful “ Plant Clenetics ’’ of boulter 
and Coulter, also Babcock and Clausen’s “ Clenetics in Belation to 
.Vgriculture,” and Coulters’ “ Fundamentals of Plant Breediug. " 
There are at least two journals devoted to its more severely 
scientific side, and we have the invaluable “ Journal of IFcredity. 
the organ of the .'American Genetic Association, which is a jaioelesi 
possession to the teacher of genetics. 1 notice that Babcock ;uh1 
Clausen have made free use of material tliat has appeared in its 
pages. 

I think I have said enough to demonstrate the value of iilinit 
genetics as an histrument of education and to show how this instru- 
ment may be wielded. The study of plant genetics lets the stmkrt 
see the plant in action and it allows him to play with life in a luannf 
afforded by no other branch of the science of botany. 
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Plant genetics is a subject, bowever, that can be easily spoiled 
|,T putting the theories first and the evidence .second, as is too olten 
i,he practice. I would quote to you in this connection the folloiving 
words of one whose assistant I had the honour to be-Dr. 
Frederick Keeble ' : 

“ The first duty of a teacher (i.s) so to select and present com, nun 
Piets that the essential generalizations which coiiere them into a 
scientific system, either suggest tliemseh-es to the mind or. at all 
events, appear natural and com incing when the teacher is compelled 
by the defectiveness of his method or the ii’diflVi'ence of his students 
to expound.” 

In concluding our .study ol this aspect of the que,tion let me put 
before you as a goal that which .McCmdy 2 informs us was the 
aim of Leonardo da Vinci, that great, free spirit of the 15th Centurv ■ 
“It was the cramping letter of medimval tradition uj. on 'thought 
which Leonardo tried to unloo.so. It was his aim to extend the 
limits of man’s knowledge of him.self, oi his .structure, of his environ- 
ments, of all the forims of life around him. of the inam'cr of the 
building up of the earth and the .sea ami the finuanicnt of the 
heavens. To this end he toiled at the patient exposition of natural 
things, steadfastly, ami in jiroud confidence or jiurpo.se. ' 

Plant genetics, in its utilitarian as])cet. means tlie production 
of new and better plai'ts, and the keejrii'g of tlie.se up to standard. 
This aspect of the work has been very fully leviewed by isir Daniel 
Morris in his address to the llotany Section of the British Association 
for the Advancement of Science last year. There are one or two 
additional points, however, that 1 .should like to put before you. 
both as regards work done ainl as regards jiossiltilities for further 
work. 

Bergson,® treating of the living body in gei'era], ;iavs ; 

It is an iiuhvidnal. and ot m> other oli|pet. not even of a 
crystal, can tliis be said, for a crystal has m'itlier dilference of parts 
nor diversity of functions. No doubt it is hard to decide, even 


m .\anirt. N-pti-mlHr. y. 47. 

- .Mcfui'ily, E. d-l m.-i.r.' .V, laMU. p. m, Intn.diKliou. 

Hciiri. Eutluti'ju (Uaii^liition by .Miloholl}, p. 10, 
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in the ol'ganized world, what is individual and what is not. The 
difficulty is great, even in the animal kingdom ; with plants it is 
almost insurmountable. This difficulty is, moreover, due to pro- 
found causes, on which we shall dwell later. We shall see that 
individuality admits of any number of degrees, and that it is not 
fully realized anywhere, even in man.” 

My preceptor. Professor Bayley Balfour, puts the same idea in a 
formula by stating that the plant is a colonial organism. Its various 
parts are to some extent independent of each other, and isolated 
parts can reproduce those missing. It is not to be wondered at, 
therefore, that we find these parts varying among' themselves, nor 
that such variations are at times inherited. I refer, as you per- 
ceive, to bud varialio)is. It is a well-known fact that a bud on a tree 
may give a branch the leaves, flowers and fruit of which are different 
from those of the rest of the tree, and that these peculiarities may 
be transmitted to the ,ne.\t generation either vegetatively or sex- 
ually. Varieties of sugarcane have been observed to arise by tliis 
method, and changes in the fruit of trees have been observed to 
follow such bud mutations. It is particularly with reference to the 
study of bud variation in Indian fruit trees that I think a great 
deal of work can be done. T’hese variations may be useful or harm- 
ful from the practical point of view. Care is needed in weeding out 
the harmful and preserving the useful variations. Let me cite to 
you, as an example of the kind of work I mean, what has been done 
on the Washington Navel Orange, a variety which is the mainatay 
of the Californian citrus trade. 

The following facts arc culled from articles that have a])])e;ueJ 
from time to time by fruit exixsrts iii the pages of the ” Journal of 
Heredity.”* 

The navel orange, as its name implies, is one that has a peculiar 
umbilical protuberance at the stigmatic end. The Washington navel 
orange originated at Bahia, Brazil, as a bud variation of tlie 


* Jonr)U:lof Iltradity : V<»1. VI, No. 10, “ \Vii.sliin<;tou Nuvcl Orange,’’ by A. 1). Slunifll' 
Vol. Vli, No. 2, “Bud Variation,'’ by A. D. SUamrl ; Vol, VII, No. 10, “ Kurjfotfuii bud 
Variations,” by L. B. Scott; \ob VII, No. ]J, “ Cu-oi>eiation in I’ruductiou of Catifoini® 
Grape fruit, ujion. 
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Portuguese variety of orange, laranja udeda. or the select orange 
This variety, says Shamel, wlio.n I quote, ^vas undoubtedly 
introduced into Brazil very soon after the colonization of that 
country. According to V. A. Argollo Fcrvao, one of the agricultural 
officials of the country, the navel orange appeared as a bud variation 
of the selecta variety and was discovered and propagated by a 
Portuguese gardener at Bahia about 1822. This account of its 
origin has been confirmed by all other available infonnation. 

Here, then, we have an authentic case of a valuable fruit aiising 
by bud variation. The orange is .seedlo,s.s, has this peculiar navel, 
and is of excellent quality and appearance. The Bahian navel 
orange as above described wa.s introduced into the United States 
through the efforts of William Saunders, then Horticulturist and 
Landscape Gardener for that division of the Patent Office corre- 
sponding to the present Thiited States Department of Agriculture. 
The first consignment of trees died on the way, but the second got 
through, though in poor condition. Buds from these were propagat- 
ed on seedlings of the same variety grown from seed that iiaunders 
had acquired separately. Trees were ready for distribution in 
1873 and a Mrs. Tibbetts of Hiverside, Califonua. got two of these. 
From these two trees has .sprung the Californian industry, for the 
budwood from new plantations wa.s taken from them. ' In 1915. 
there were about 100,000 acres under this variety in the State. So 
far so good. \\e ha\e here an o.xcellent variety, originating as a 
bud variation, propagated by \egetativp methods, the whole popu- 
lation of these trees in California forming two - clones.” A clone 
13 a race propagated vegetativply from one .source. One would 
have thought that the growers' troubles were ended. 

Very far was this from tlie case. It .soon began to appear 
that within the variety now named Washington Xpvel bv the 
growers there were various tyqies of tree, distinguished by habits 
of growth, density of foliage and other characteristics. In addition, 
there appeared to be a steady and unaccountable deterioration in 
fie trees of new plantations and in the fruit of these. Careful 
investigation by Shamel revealed the fact that there were eleven 
eommon types of the navel orange in California in 1909, and of 
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these tlie most undesirable from the standpoint of fruit production 
Were those showing the. greatest vigour of growth. These undeairablo 
trees produced in great quantity thick succulent branches, the S(:- 
called suckers, from near their base, and these branches had been 
freely used, )>.ay, actually selected as the source of budwood for the 
preparation of new stock. The reason is not far to seek. As everv 
gardener knows, one wants a big bud, from a round stem with an 
easily separable bark, an.d the.se requirements were met by the 
sucker growth. The evil effect can. be easily imagined, namclv, 
the new plantations were I'.early tilled with these “ drone ” trees, 
and Sharael records cases of plantations in which as many as 70 
per cent, of the trees were of this bad type. 

Now whence had these eleven types arisen, including the evil 
drone types ? Obvioiusly from further bud variation, for the 
orange is seedless and is never propagated except by buds. 

■AVhat was the remedy 1 Obviously, to select the best of the.se 
variations and take budwood from that only. How was this best 
variation to be selected ? On the same basis that one selects a good 
cow, by ])erJormance. Performance records were therefore kejrt foi 
several years of the fruit production and quality of individiial ticos 
and blocks of trees, and on. this basis trees for fruit propagation 
were selected. A drastic change was also introduced by using, 
for budwood, rmt the fat juicy sucker, but the wiry twigs just at the 
back of the fruit growth of the current year, f'his may seem bad 
horticulture, but it lias in practice proved brilliantly successlul. 
and Shamel states that a certain co-ojrerator budded more than 
13,000 orange seedlings with such Inidwood in 1914 and only two of 
these failed to grow. 

The (.'alifornian growers of grape fruit (otherwi.se the pomelo) 
have gone a step further. In the grapre fruit the same difficulty 
arose and the same remedies have been found successful. The Grape 
Fruit Glub, one of the growers’ organizations, has decided to elimiimte 
from their grove.s all varietie.s except the Marsh (the mo.st useful 
variety) and further to eliminate all Marsh except one tyjre. By 
this means they will .standardize the product of all the mciidievs 
of the club with great advantage to both producer aird consmner. 
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Similar problems present tbemscivcs in the citrus groves of 
Irdia. The gardeimr, ami the plant breeder also, are sometimes 
jij,t to think that within a clone purity must reign and variation be 
abolished. The experience of those who investigated tlie Wa.slung- 
ton navel orange wa.s, as we have .seen, cpiite otherwi.se. xV walk 
through any orange grove on this side of India will show von that 
here too bud variation, does occur, and I commend it.s study to future 
inve.stigators. Tree differs from tree, hramdi from branch and even 
occasionally, fruit from fruit on the .same braiwh. The matter 
is one of common observation among the illiterate cultivltors 
themselves. There is here a clear field for an invitinc? and useful 
research, and we haN-e a good lead from the .Vmerican work Is 'to 
how to deal with the problem. 

Another phenomenon on which a..s yet little work has been 
done in India i.s that of the seedlessne.s.s of fruits. Soedle.ss fruits 
are in many ca.se.s extremely desirable. The guava, for examide 
is .spoiled by the multitude of extremely hard seeds that'Iccupv 
such a large part of its pulp. Tlrere is a iielief cuirent among miava 
cultivators iu Poona tliat rojjeated \-egetativo propagation the 
guava tree will reduce the number of seeds. This belief wa.s experi- 
mentally tested by my assistant. Air. L. B. Kulkaini, L. Ag.'. who 
layered the guava repeatedly and tested the guava fruits got from 
each successive layer generation lor numiier of seerls. This experi- 
ment was carried to the third layer goi'eratiou without effect on the 
seed number. 

Some years ago I adverti.sed in .sowral newspajter.s for seedless 

guava trees, and received many so-called seedless trees, all of which 

produced fruits bearing seeds, Paces of guava trees do. liowever. 

'ary immensely in the number oi seeds produced, ami a. Sind varietv. 

now recommended and propagated in the Gan.oslikhind. Botanic-il 

at en, Poona, has a very small number indeed. It may be possible 

*0 get at this seedles.sjiess by selection, of trees or innls within this 
variety. 

Another possible way of attacking the pndilem is by a cross 
e veen different species of tlie genus rsidiiun to wliich the cultivated 
au e ongs. A fniit-producing but seedless gmava may in this 
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way be produced. This method has been tried by my assistants, 
but as yet without success. 

Similar improvement is desirable in the custard apple (Am.im 
squamosa), also an excellent fruit spoiled by large and numerims 
seeds. 

The seedlessness of the cultivated banana {Musa sapeminn) 
is a subject of interest genetically, especially considering the free 
seeding character of the wild species (Musa superha). Apparently 
fully developed seeds do occur occasionally in edible bananas, more 
especially in certain varieties. Fawcett i mentions that seeds were 
secured when the pollen of the red banana was dusted on the stigma 
of the ordinary banana at Hope Garden.s, Jamaica, but that the 
hurricane of 1903 levelled the plantations before the seeds were ripe, 
Apparently there has been no further Jamaican experiment, 
E.xperiments made by myself and my a.ssistants in Poona in 1916 
showed that seeds were produced in small quantity in fruits oi 
Musa sapieniiim rvhen pollinated by pollen of Musa superha. The 
viability of these seeds was never tested as they were lost, and 
war work afterwards prevented the repetition of the experiment. 
Seeds occurrmg in the Mhaskel variety have been dissected by me 
and found to be mere hollow shells. It is an established fact that the 
fruit of Musa sapientum develops without the stimulus of pollen. 

All this does not give us much light, however, on the cause of 
banana seedlessness. Tischler ^ found that three races of banana 
investigated by him had different chromosome numbers, namely, 
8, 16, and 24. He found also that with increase in chromosome 
number appeared a derangement in pollen development. Abnormal 
tetrads and nuclei were thus formed, but some of these could give 
normal pollen tubes. The numbers of chromosomes given above 
were the reduced numbers. In somatic cells pro-chromosomes, by 
which name he called centres sharply defined by haematoxylin, 
scarcely ever indicated a diploid nucleus, but there was a tendency 
for two or more to fuse. 


^ Fawcett, W. The Bonuna, p. 18. 

* Tischler, G. Untersuchunfi nber rfer SyUwkklung der Bniwntn PolkvA I, 
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1 have made a considerable number of careful sections of the 
ovary of Musa sapierUum at different stages of growth of the flower 
but liave failed to observe an embryosac. I was unable to complete 
this study owing to the war and to leave, but the whole indications 
were of a feebly developed or missing embtyosac. 

Beccari,* iVriting of the origin of the cultivated banana, 
says: 

" The wild varieties are almost wholly seeds, hut what pulp 
exists is sweet and agreeable. It therefore only requires some 
agent to inhibit the growth of seeds and promote that of pulp to 
produce good bananas. Effective causes are sterility produced by 
liYbiidization and improvement by asexual reproduction.” 

Now this airy dispo,sal of difficulties dons not at all meet the hard 
facts ol the case. We have already seen that in guava repeated 
vegetative propagation for three generations does not alter the 
number of seeds. Second, I fail to sec how you are to propagate 
Jfusfl superba vegetatively, for in all the places where 1 have seen 
it, it produces no suckers. It may be different with other wild 
seed-hearing varieties, of course, isext, the question of hybridiza- 
tion. This is possible, of course, but no one has yet produced a 
ieedlcss Musa from two seed-bearing species. This remains to be 
lone. The abnormal nature of the pollen would seem to point 
;o .some great disturbance of the germ cells and this might po,ssibly 
be due to a wide cross. On the other liainl it might lie only a muta- 
tion affecting chromosome number, like Oeuothmi kiia from 
0. Lamarekiam. 

The matter is, therefore, one on which we have no exact inform- 
ation, and is complicated by the statement of Baker- that Musa 
Mi, which grows w'kiely in Tahiti, is seedless at the lower levels 
of the forests but bears seeds when found at higher altitudes, say 
•1,000 to 3,600 feet. 

j I submit that the problem of seedlessness iu fruit is one for 
the investigation of which much material exists, little work has 
pen dune, and great rewards are in readiness. 

^ Beccari, Odvardo. Fineste di Sonuo Fii'inze, 1902, p. 611. 

* Baker, J. G. Annals 0 / Botany, VII, 204. 

3 
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The question of the inheritance of sex in plants presents itseli 
to us in our indigenous plants papaya {Carica papiya) and Indian 
hemp {Canmhis saiim). Just as in considering the ques lou oi 
seedL ness we very soon got away from the pure y utih an, 
rict and found ourselves m the rarefied atmosphere of pure [n , 
so^ere also we very soon find that the practical application oi tk 
research awaits entirely the disinterested labours of the pure .cien- 
tist. In the case of the papaya we at present can see no diffevence 
between the male, hermaphrodite and female trees un i ik) 
flower, n some means of distingiiislung them at an early date 
were found, much useless planting and much loss of labour, ivatei 
and manure would be prevented. Or ,f a race of papayas coul be 
produced with a very large percentage of 

Luld be conferred on tropical fniit growers. But both pioble... 

still await solution. , vr • u 

Investigation has been done by Higgins and Hoi m Haum 
and by my assistant, Mr. L. B. Kulharni,^ L. Ag., m his coimtiy 

™aya shows teos fur.lj' malo, tees forfy lomale aol «... 

IL of kmuphtrfitts. Olthca. h.maptoo*t.s tkro ... . 

last two .iow r : 

occasional fort* Howeis on a lo.ig Filmwle b.aii.g loi tl.c 
part ...ale Bowen.; (2) a type b.a,i..B fertile Howe., ol l.rgel « - 
short ped«,.cl. tot „».y have ...ale flowm upon t, .. 
of the second type is often elongated, and on account ol the .1. 
t-e Is honL'lahly neat the All the* types 

.L. c..e set oi seeds. Moreover, in the 1. .tin., of o,.e * 

nuylwaehangeofses. This nay oeeut without any- speei. .|l 

esc ting cause o. it may be induced b, behe*g he Irte. 1 
obsertrf one case of a tee tot lad con.pl.ted the w W )* 
sen and eome back to itsotiginal condition in its own 1 1 « 

Both in Hawaii and India expe.imenls have bM. made f _ 
natiig the ovaiy of a pure female tree with pollen 

> Higgins, J. E. “ Growing Melons on Trc^.” Jmrml '’pud succtrf* 

• Kulkami, L. B. Ann. iJrjiorl, GanesMtad Botontw! Gorto, ISI J 

years. 
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herniapkodite treP, with the object of getting a race with a large 
percentage of female trees. That one doesget an increasing percentage 

is shown by results, but the limits of such breeding and the scientific 
h-terpretation are still unknown. f'Cientmc 

Again, there is something rather my.sterious about the forma 
tion of the papaya fruit. Oue often sees a lone tree at a railway 
station or some out-of-the-way place, with apparently no male near 
it, and yet bearing fruit. In Ganeshkhind Garden we bagged a 
certain number of flowers to see if fruit set without pollination and 
it was found that it did. The seeds within these fmits were i-ot 
viable. 

There appears to be here some hint of partheiiocarpy, and again 
nuich material ready to hand for a most fundamental research, 

The ratio of the different types of tree from seed of known 
origin is also a matter reijuiring investigation. 

To turn to the second example of bisexual plants, namely. 
Cannabis saliva. A most interesting series of experiments on the 
determination of sex in this plant was carried out by Ciesiclskii in 
Lemburg between 1871 and 1878. According to hisre.sults, fresh 
pollen produces males and stale pollen produces females. I do not 
remember to have seen any recent repetition of this work to enable 

me to judge of its truth under modern conditions of rigid scientific 
control. 

Changes of sex in hemp have been repeatedly observed, both 
fi'itliout apparent external cause and with siicli.^ ^Removal of the 
lowers does alter the sex of hemp, and while only a few male plants 
aoduced pistils, they constituted 14 to 21 per cent, of the total 
mmbei of males reproducing flowers after the operation. It is 
pite probable that if the proper stimulus were used, says 
c ard, pistil formation could be induced in all males. He also 
es that the females were very responsive to the stimulating 

leiits ° removal. In fact, in the second year’s experi- 

o’'cry female operated upon produced an abundance of 
amens. 


t U^termination of Sex.” Journal of Herrdih/, V, 5. 

^ * • J. Change of Sex in Hemp.” Journal of Heredity, VII, 7. 
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Sohaffner i records a case of complete reversal of sex from 
fomaleuess to maleness in hemp with no siiecial treatnient. 

This plant, therefore, deserves further study, and as it grows 

easily here, wc should be the people to carry on that study 
' ' One point comes out clearly in the discussion of the above 
fucts regarding papaya and hemp, and that is that sex does not 

appear to be, in these cases, entirely a matter o zygotic constitu- 

tLii It would appear that both arc potential hermaphrodites as 
believed by Darwin and Strasburger, and again as pointed out by 

Pritchard. , , . 4. 

\gain verv little, if anything, has been done to test grapr 

seedlii-s in this country, and yet wlien one considers the now 

varieties of value that have been thus originated in other coiintnes 

one feels that here too is a promising and obvious field loi 

"'“"''■^niong ornamental plants there also exists an iintouohod and 
attrartive region for research and profit. We have nwiv wfid plant, 
that would probably repay domestication and lireedmg. V hen 0110 
considers what has been done in a few generations with phlox and 
petunia one feels that many of oiir wild plants may hold sunik 
possibilities. And when one sees to what miserable speciiiiei . 
uneared-for florist’s plants can degenerate one looks tlaougi 

other end of the telescoF. it ^ 

The production of horticultural seed in us coun , • 

industry offering, I believe, great scope for the practical scieu . 

or the scientific practitioner. 

I have dwelt on the horticultural aspect of utihtaiiau p- 
genetics because it is one that is too often neglected, 
cultural products are a great part of the country’s wea 1 1 am 

gardens are Eesthetic riches. , , . 

A word or two must be said regarding the relation 01 p 

genetics to other branches of botanical activity. At 

logy is most intimately connected with plant genetics. le ui 


gation of cliromo&oine numbers, distribution, 


^ 

1 Schaffuer, J. H. “ Complete Keversal of Sex in Hemp," beknee, Septeinb 

p. 3U. 
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forms no small part of tlio knoivledep wliipi. +i 
i„ * .. ...o,.,. 

work by Arber and Beer, recently discussed v • i . 
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for its answer 1 know no better master than Henri Bergson, whose 
reasoned theory of the “ vital impulse ” is at once inspiring and 
encouraging. 

We must clearly recognize the limits set upon our experiments 
and our generalizations by the nature of plants. On account of tlieii 
food habits, their immobility and lack of consciousness, they offer 
themselves as easy material to even the unpractised experimenter, 
The possibility of keeping relatively large numbers under culture and 
observation enables us to gain facts regarding posterities and to 
keep a look-out for mutants which are the more likely to appear, the 
greater the number of plants grown. The large number of nrarh 
related but diverse forms enables us to study inheritance in crossus 
between nearly similar varieties. 

Wherein, then, is this material imperfect ? Perfect it certainly 
is for itself, but we should beware of drawing conclusions regarding 
characters which have not been investigated, characters more 
developed in animals, or characters which appear to be more part 
of the life of the individual and less part of the material in i\iiidi 
that life clothes itself. For as Darhishire^, following Bergson, 
states : 

“ Let us now consider concisely the four main conclusions 
to which a consideration of M. Bergson’s philosophy has led us 

1. Time is the essential factor concerned in the fixation oi 

the characters of organisms. 

2. Life is perpetually creating the absolutely new ; more is 

got out in the effect than is put m in the cause. 

3. The performances of living things cannot be predicted 

mathematically. 

4. The organism consists of an essentially vital part and 

of non-living constituent parts.” 

He 'goes on to say : 

“ His (Bergson’s) conclusions with regard to life are imtnic of 
Mendelian characters. This may mean either (1) that M. Bergsons 
conclusions are ill-founded, or (2) that the Mendelian characters 

' i^a-rbishire, A. D. “ Aa Introduction to a Uiology,” 1517, p. 9b- 
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are dead or, at any rate, appertain to the least vital parts of the 
organism. I believe the latter alternative to be nearer the truth. 
If it is nearer the truth, we have, I think, a clue which will enable 
us to relegate the Mcndelian characters to their true position among 
tlie characters of livii'g things ; and a suggestion which may enable 
us to determine without exjierimentation whicli characters are 
lilcely to behave in a Mendelian way in heredity and which are not. 
And it would seem, in general, that Mendelian characters are to be 
found amongst the contents of the retort and are not exhibited by 
the retort itself.” 

Again, the study of plant genetics .supplie.s us with practically 
no data regarding the iidieritaiice of iiustinct or intelligence. There 
are certain habitual actions, liowcver, alnuust re.sembling instinctis, 
c.g., certain kinds of response to stimuli, who.se ijiheritance in 
crosses might lead to some new knowledge. An interesting case 
would be the crossing of a riglit-luiuded with a left-handed climber, if 
such could be made. 

Plant genetic.s, like other studies of heredity, has had two main 
tendencies, the biometric and the Mendelian. The former aims at 
the mathematical interpretation of the facts of ma.ss inheritance, 
the latter at the .scientific explanation of indii'idual inheritance. 
The latter demands the intense .study of single line.s of inheritance, 
single plants, single character.s. Of this nature is the u’ork of 
Mendel and of this nature i.s the work of l)e Vries on Oenothera. It 
is a method that is essential in future work on the study of heredity 
ill plants. Its intensity is iiicreasing, for whereas iu the time of 
Mendel it was .sufficient to follow a single gro.s.s cliaracter, we now 
attempt to follow a single chromosome or a single clu'omomere. AVe 
here approach very near to the actuality of Clerk Maxwell’s demon, 
who was supposed to be able to make selection between slowly 
and quickly moving molecules and thus alter the heat of tivo parts 
oi a closed system. 

This brings us to the question, “ AVhat do we actually know, 
and what can we actually do, in plant genetics ? ” AVe may truth- 

say that the more we know the more complex does the whole 
situation become. Judging from recent researches some ideas 
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that have been dogmatically expressed by certain earlier writers 
are likely to require considerable revision. A state of uncertainty 
is likely to supervene on the first apparent state of stability. 

But what do we know ? 

The facts of variation in external form we can observe, mcastire 
and record. The causes of non-adaptive variation we do not know. 
I defy any botanist living to accoimt for the variation in the lobing 
of the leaves of a single fig tree. 

Concerning the distribution of fluctuatiiig variation we know 
a good deal and can mathematically express it. The theory of 
its distribution at present seems to fit the facts. But there arises 
a difficulty in distinguishing fluctuating variation due to slight 
changes in environment from variation d>ie to cumulative factors, 
especially where these mean small changes iir quantitative characters. 
The doctrine of cumulative factors is, of course, still a hypothesis, 
but it is a matter of fundamental importance and deserves careful 
e.xperimental study. 

.Mutations are repeatedly observed in pure cultures. In some 
cases gross changes in number or form of chromosomes have been 
observed. In a few cases mutations have been produced by altering 
the external conditions of the plant or the organ. In no case are tlie 
mutations adaptive. It appears proved that mutations are due to 
alterations in the germ plasm, but that the germ plasm ciui be 
got at appears also true. Recent work by Rawsoui iii South 
Africa .shows that by selective screening a new form of Papcccr 
Wioeas has been .secured and fixed. If thi.s can be done by a mno 
variation of light on the e.vteruals of the plant, where is the tlioory 
of the sanctity of the germ plasm ? 

The role of rhe chromosomes as carriers of the plant characters 
is a matter of some debate, especially in relation to sex. For the 
sex of plants, as wc have seen, can be altered by artificial means 
altogether apart iroru the germinal character of the plant. The 
fact, however, that the male gamete is practically all nucleus and 
t at male characters do appear in the hybrid is a strong arguiueid 

Loud.,1yCrmte6,'^191of“'‘ ‘‘t WUl.” (Caper read before Linn. , 
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for the chromosome hypothesis. The arrangement of characters 
linearly on the chromosome is still hypothe.sis on the basis of certain 
experiments on Drosophila. 

men we come to hybridization we have an enormous mass of 
facts capable of varying interpretations. Of Mendel’s original 
theory we can say that as far a.s the cases dealt with in his experi- 
ments go It js true. But, after all, the truth of a theorv is not its 
main virtue. As Duclaux ^ remarlo'd : 

“Le propre dhme theorie n’e.st pa.s d'etre philosophique et 
seduisante ; elle n’a merae pa,s be.soin d’etre vraie au sens absolu du 
mot. II hii suffit d’etre feconde.” 

(The characteristic of a tlieoiy i.s not to be pliilo.sophical and 
seductive ; it need not ei-en be true in the absolute sense of the term. 
It is enough if it is fecund.) 

Judged by tins standard. Mondel'.s theory has been aniazinglv 
fecund, Hence the progres.s in tweid,v years, four of them occupied 
in a devastating war, is more than in the two hundred years 
previously, a marvellous phenomenon even wlien wc allow for the 
improvement in apparatus. 

Definite numerical ratios aip obtained in many cases but not in 
all. mere such ratios arc obtained. Mendel’s law or .some modifi- 
cation of it afipears to apply. I have mentioned - some modi- 
fication ” and, indeed, there have been so much modifications and 
so many additional hypotheses (the fire.sencc-absenco Inymtliesis 
inhibiting factors, complementary factors, cumulative factors, 
linkage, crossing over) that one liegiusto feel a little uneasy and 
suspicious of a theory that needs so much adjustment.' This 
suspicion is only to be dealt uitli by more and more experiment. 
Things may be, however, simjiler than they look. The act mav be 
simple, but we may, a.s Bergson - suggests, be able to view it only as 
a patchwork. This ought in no degree to retard either our e.xpieri- 
nicntmg or our tlieorizing. It ought, indeed, to incite us to get a 

eupoiut ever higher and higher above the broadening area of 
facts. 

’ Oudau.v. Traiti dc mkrobiaknjk . Vi.l, 1, 

"ergson, H. Cradivc Kmtiilwn (ti-anslatum l.y Minlicll), 1011, jm. 90«07. 
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We must, therefore, retain our role of keen-eyed watchers 
readv to pounce on any indication, given by Nature in her own 
silent workings, and we must also perpetually ply her with questions 
hi the .shape of all manner of experiment. Our ignorance is great 

but so also is our hope. 
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Extract frum ptmi 4 of the Indiau Extinct freni neiespftper rriticim 
Cotton Committee’s Bcjml-Eossibi- mi the Imlitui Colton (.'(.iniiiiltee’s 

lily of Imlim cotton repUKimj Itcymrt, hmdcd - Ltwcmlire Lnter- 

American for Lancashire purimcs : — cst " 

♦ ** * *»♦* 

“Those cottonsfot a staple up to l,’.;tli) “Eweptiou is taken to the statement in 
»lll only be capable of spinnini: op to 31s llic Report lh.it codon of 1,', in, staple 

t»ist and «8 weft in the Lancashire mills, « ,11 spin Sis twist and 44s weft in Lancashire 

if the conditions of those mills continne, 1.1 .If milk It is asserted (by LanMshiie) that 

Present.’ the staple for these yarns must lie 1,1 in. 

Only if the in. staple weie much more 
icliahle than Oldham's expeiience shows 
It to be, would it serve. It would have to 
he absolutely even, and that is too much 
to expect of any growth,” 

**** 

How are wc to recom-ilc tlieso two (i|iiiiioii.s { The fir.st is the 
considered opinion of tlie IikIiihi Cotton Commiltoe, which not only 
contained recognized oxjierts from tlie cotton .sjunning industi'}' 
of Bombay and of Lancashire, but h;id an oppoitunitv of inspecting 
miy Indiau mills it wished to, as well as of taking and sifting evidence 
oi practical spimier.s tlirougliout India, and the second is the opinion 
now expres-sed by tlie spinners of Lanca.sliire. MTuit tire tlie reasons 
for this difference of opinion ? It may lie tliat tlie Lancashire 
operative will not submit to us luimy sto{i])ages for breaks iu the 
( -MI ) 
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spimiing of tlie yarn as the Indian operative. But this can hardly 
be the case, otlierwise Indian yarn would be unable to compete 
with Lancashire yarn, whicli would necessarily be of much better 
quality. Is it that the Indian mills are better equipped than those 
of Lancashire 1 This again can hardly be the case. Up to the 
outbreak of war the number of mills in India, which spun the counts 
mentioned, were very few in number. It is not lilrely therefore 
that during the war, when necessity restricted eveji the renewals of 
existing mills, these could install machinery adapted for spinning 
the counts mentioned. 

If we are to find an explanation to the difference between the 
two statements quoted, it seems evident that we must look for some 
other reason, and tlio following is suggested as the ])robabie solution 
of the misunclerstandiiig. 

Lancashire is at a great disadvantage in judging cotton, because 
she is not a cotton producing country. This means that she never 
sees cotton until it reaches there in. the form of pressed bales. It 
is much more difficult to judge the value of cotton after it has bee]> 
ginned and pressed than before, aird that this is so is shown by the 
reports received from Eivgland on sami)los of cotton sent from 
India. Such reports lay sjrecial stress on. colour, freedom or other- 
wise of leaf, broken seed, etc. They may or may n.()t state whctlier 
the staple is even or n.ot., but usually merely state the length of tlie 
staple in a fraction of an inch with an opinion as to the counts 
which the sample is suitable for spiiudn.g up to. Then follows tlic 
estimated value of the cotton in pence. This value is always ba.sci'i 
on the then ruling price of F. (J. F. Middling American whereas 
it would be much more accurate and of much more value if tliis 
were given in percentages taking F. G. F. Aliddlin.g Americair as 100, 
To anyone who has made a study of cotton with a vlevv to 
improving it, such iirlormatiou is valueless. He Is quite able to 
ascertain this information for himself. He can see for liimscli' 
what the colour is, whether it is ‘‘ white ” or “ creamy -white, ' 
whether it is bright or dull or stamed. He does not want to know 
whether it contains leaf or not. He can see this for himself before 
he sends the sample for report, and if it docs contain leaf or broken 
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seed, it is immaterial as far as lie is coiiceriied. Usually leaf is a 
question of the season and method of picking. The report merely 
gives information ivhieh say.s either you have had a good or a bad 
season or else that you ought to insist on more careful picking. 
He is in a much better position than Lancashire to state ivhat i.s 
the length of staple, because he sees it in the hijxin and can tlieref ore 
state much more definitely what i.s the I’ariation in its length and 
whether this is even or uneven. He is in a much better ^wsition 
also to state whether the fibre has a good natural twist or not, 
because it is almost impossible to test this from a .sample of ginned 
cotton until this has been spun into I'arn. The worker in this 
country does not want an opinion as lo what counts a particular 
sample of cotton is considered snilahk for spinnii'g uji to. He will 
have his own opinion on this point, which is probably much nearer 
the mark. What he does want are acinal spinninij lests which 
will give him information on this point. These are very difficult 
to obtain, because it is very seldom the case that mills will take the 
trouble to make them, and if tliey do take the trouble to make tliem 
anti find the cotton is suitable for spinning liighercoiin.tsthan they 
considered possible, they naturally wish to keep this information to 
tliemselves, because it means that they pay less for the raw material. 

Then, again, Lancashire is used to quite a different class of 
cotton to that which, i.s indigenous t.o India. Tire bulk of tlie cotton 
used there is of the American Upland type which i.s quite a different 
class. The individual fibre is I'ery much finer and much weaker, 
ft is quite possible, therefore, that Indian colton of a shorter staple 
is capable of .spinning as high a count as .American I plane! provided 
the staple is even and the matural twi.st of the fibre is good, t'ome 
years ago (1907-0S) samples of Indian cotton were sciffi to Liverpool 
for valuation to the British Cotton Growing Association. After a 
considerable time, a letter of apologv was received from tliem 
stating that they were sorry for the delay. They wrote as follows : — 
“ We have approached several hrokers in Liverpool and not one of 
them would take the matter up, as you know Indian cotton is very 
little used now iji this country and consec|ucut]y there are very few 
men who understand it.” 
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On a later occasion samples of cotton, grown from selections 
of the local Indian cotton, were sliown by me to an experienced 
buyer for his opinion on the spinning value. He stated his opinion 
that these could be used for spinning up to 26s. As great care had 
been taken to select these for evenness of staple and also for natural 
twist in the fibre, I asked him to arrange for spinning- tests to be 
made to find what these cottons would spin up to. This he kindly 
arranged to do, and although the length of the staple was only 
7/8" to 1" these spun a useful 40s yarn. A 60s yarn was spun 
from one, sample which was reported to give splendid results. 
Another selection was found suitable for spinning 44s yarn. 

It is quite possible, therefore, that if, and when, Lancashire 
knows more about Indian cotton.s, she may wish to qualify her 
opinion quoted above, somewhat as follows. With the type and 
class of cotton which I am usii'g at present, I require a staple 
of-?-inches in length. 

If this is so, then it puts a different aspect on the Cotton Com- 
mittee’s considered opinion. Much has been done iii recent year.s 
to improve Indian, cottons and the information as to rvhere such 
improved cottons are grown and arc available can, without difficultv, 
be ascertained by Indian mills and doubtless they have procured 
their supplies of raw materials from such sources. 1 consider, 
however, that the Cotton Committee have not gone far enough 
in their statement. They have stated that for 34s twist and 44.s 
weft a staple of 1 " to 1 ’’ is required. Is this so ? It may 
be the experience of the mills because they buy on “ type,” “ class 
and “ style,” and to obtain type, class ami style the buyer has to 
mix. Thus, much of the improvement made, in Indian cottoi's 
is lost in this process of matching samples. Further, the cotton 
dealer who supplies cotton to the buyer has imitated the buyer 
in this process of mixing, but without his knowledge of what the 
mills require ; and this has become so great an evil that the buyer 
is often in despair in making up his types. Another reason why 
the length of the staple given by the Cotton Committee is so higli 
is that hardly any mills in India are prepared to pay for quality, 
e difference in the price of good and bad cotton of the same 
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kind barely does more than pay for tlie blow-room and card room 
loss and, as long as this is the case, it does not pay the buyer to 
supply high grade cotton. It pays much better to mix this with an 
iiderior quality cotton even of the same variety and grade it up. 
yiy experience is that the only person who pay.s for quality i.s the 
\illage dealer and his main object in doing so is to grade up an 
iilerior quality of kapof: by mixing. The persons who ultimately 
suffer are the grower and the mill-owner. The grower because a 
continuance of this process lowers generally the value of the cotton 
of the tract, and the mill-owner because it limits the finene.ss of the 
vain which he can spin and makes it impossible for him to produce 
a uniform standard of yarn. Tlie profit goes into tl\e hands of tlie 
middlemen. 

Jly reason for writing this is not to proclaim the work which 
has been done in the past to improve the Indian cotton but to .suggest 
tliat much greater use might be made of Indian cotton than is the 
case at present, Yeiy large sums of money are wa,stcd annually, 
l)ecausc the capabilities of Indian cotton are not fully appreciated. 
This tells not only on. the prosperity of Indian mills, Init also on the 
pro.sperity of the grower. Much more careful testing of cotton is 
necessary in mills and much more detailed reports are required 
on samples of improved straii'.s submitted for report. 

It is not so many years ago tliat Lanrashire discovered tliat by 
different treatment American I'plan.d cotton could largely leplace 
Egyptian cotton, t)ut she only discovered this because the necessity 
for supplementing Egyptian cotton wa.s forced upon lier. Is it 
not possible that iu some sucli way Indian cotton in part can be made 
to replace American Upland ? If so, then Lancashire ,s ditfieuity 
will to some extent be solved. Is, however, tlie statement quoted 
at the commencement of this note the right way to set about 

it! 
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In the Poona distiict, where the potato crop is a more impor- 
tant one than in any other part of Western India, the plants grown 
during the rainy season (the Iharij crop) are severely affected hy 
a peculiar disease, which, on account of the reddish colour which 
the affected fields acquire, has been termed tambera by the potato 
cultivators. The disease only attacks the kharij crop to any serious 
extent, but of this it is by far the most serious enemy, and, in a yenv 
where it is specially prevalent, it often means that the crop of 
potatoes is so small that the quantity of seed used is barely recovered. 
It prominently attracted our attention in 1917, and it has been 
under examination ever since. 

The disease attacks the plants in the following manner. At 
any stage of the plant’s growth, but generally after it is a month 
old, spots with a very slight, somewhat oily-looking, blackish 
colour begin to appear on the underside of the leaves, and especially 


* A paper read at the Seventh Indian Science Congress, Nagpur, 1920. 
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0,1 tie younger foliage. These spots turn reddish, extend in area 
and in number very rapidly, and ultimately become a bronze colour, 
giving an almost uniformly reddi.sh tinge to the leaves. The upper 
foliage of the plant acquires a bunohcd-up appearance, the edge of 
tie leaves becomes wrinkled and the leaf hairs become very promi- 
Gradually, commencing from the top, the whole of the 
foliage withers leaving however the main stock still green and 
liiiiig, though it also ultimately becomes di.scoloured and withers 
(Plate XV, figs. 1 and 2). The plant endeavours to recover, by giving 
out a series of auxiliary shoots, which are, however, rapidly attacked 
and wither accordingly. All these stages only require from thirteen 
to fifteen days from the beginning to the final ruiji of the plants. 
Tie attack usually occurs after the tuber.s are formed and when 
they are about the size of a walnut. They cea.se, however, to 
develop further and hence the yield consists of a very small weight 
of very small potatoes. 

At first a few single plants are attacked, but from these the disease 
spreads in patches until the wliole fields are afiected. This spread 
is very rapid. As an example, a patch of potatoe.s which wa.s care- 
fully watched in 1919 may be de, scribed. The whole patch of pota- 
toes was thirty-three feet square. On the first day only four plants 
could be detected with the disease, three near one coiner and 
another nearer the centre of the field. Five day.s later, the whole 
of the corner of the field round the former plants and a large circular 
patch round the latter were obviously attacked. Three (lavs after, 
the whole field was affected except a narrow strip down the middle, 
ffliile on the thirteenth day from the commencement, the field 
was red and withering from end to end. The disease comes on 
almost as if a fire is passing through the field.s and is universally 
attributed by the cultivators to (he prewdence of light, misty rain 
which often occurs during the months of .\iigust and September. 

It is obvious that a disease like this i.s of very great importance, 
®il it indeed appears to be the factor which limits the spread 
M the cultivation of potatoes during the Umij season in Western 
India. It has now been foimd not to be limited to the Poona 
potato area, but also occurs in other districts and even m Shid. 

4 



284 


AGRICULTURAL JOURNAL OP INDIA [XV, III. 


It has been noticed in the rahi (winter) crop also, but there it never 
does any serious liarm and it may be almost ignored. 

All attempts to trace the immediate cause of the disease for 
a long time, proved futile. Fungus diseases were absent, and no 
trace of a bacterial affection could be found. Everything indicated 
that the attack was due to a parasitic attack of some sort, but it 
was not until 1919 that the nature of the parasite was discovered. 
At that time our attention was drawn to a disease which appeared 
to be of a very similar kind reported from Hawaii in 1917i and 
which was attributed to the work of a mite. The appearance shown 
in the illustrations of the disease seems to agree very closely with 
that shown in tambera and hence a careful search was at once made 
for the very minute mites described. We had already been able 
to produce the disease at \H11 by growing the potato plants under 
conditions of high temperature, and on examination they were found 
to be swarming with mites exactly similar in character to tliose 
found in Hawaii. 

These mites are found on all the affected parts, especially on 
the under-surface of the leaves of the plants. They are so small as 
to escape notice with the naked eye, until the eye is trained how 
to look for them, and even with a hand lens unless carefully looked 
into. They can. however, be easily seen in all stages under tlie 
microscope with a low power. The eggs are peculiar sculptured 
bodies rounded oval in shape, and firmly attached to the leaf. The 
egg cases, even after the emergence of the larveo. persist for a long 
time as colourless, transparent objects, still retaining the sculptuiing 
in the form of rows of small opacpie white globules. The young 
mites are hyaline, have three pair.s of legs and are sluggish. The 
moult and the skins thrown off by them are seen in great numbers, as 
white specks. The adult female i.s a clear amber colour, with 
smooth glistening skin, and has a fourth pair of legs which are miidi 
thinner than the remaining ones. It is an oval active creature 
moving about on six legs while the other two are dragged behind, 
and measures one-fifth by one-tenth millimeter. The male is of the 

^ Caq)enter, C, W. A new disease cJ the Irish potato." Phyto-Pathology, I'ol. I iil* 
p. 286 (191S), 
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same colour with a brownish tinge, hut is quite different in size and 
sliape. It is more orbicular and smaller, measuring one-tenth by 
Qiic-eleventh millimeter, with a clouded dorsal spot, and it possesses 
strongly developed legs and is much more active than the female. 
Tlip first pair of legs has two joints, the second and third pairs has^e 
five joints and the fourth pair has four joints and each joint bears a 
feff hairs. 

The mite.s apparently suck up the juice from the epidermal 
cells of the leaves with the result that the leaves are unable to stand 
the heavy drain on them and wither prematurely. The mites 
then leave such leaves and go in .search of fre.sh leaves which they 
easily reach by crawling over from plant to plant as the plants 
touch o)ie another. Whether they are. like some other mites, carried 
by insects or other agencies is not known. 

The naming of the mites is the work of a specialist, (..‘arpeiiter 
loes not attempt it. lie makes a formal statement that 
hey may belong to the same group as the so-called red-spider 
fetranycMdw). 

The mere presence of the mite is not. of course, sufficient to 
'liable us to attribute (ambem disea-sc to it unless the connection is 
jioved by actual inoculation e.xperimonts. Carpenter in hi.s paper 
loes not record any experimental evidence, hut bases his conclusions 
on the mere presence of the mites. He states as follows “ That 
these minutest organisms are responsible for the disease seems 
evident. They are present in sufficient numbers on the plants with 
the recognized symptoms to wan ant this conclusion and the reaction 
ol the plant is such as wc have come to associate with mite iujuiy. 
Furthermore, if the mites he kept oft a. jxirtion of the plants by 
spraying or dusting with sulphur those .so protected develop normally 
while adjacent unprotected plants are devastated.’' 

The following inoculation exjTerimcnts were, however, carried 
out. At first only tw'o plaids in pots were brought into the labora- 
tory and on being convinced that they were quite free from the mite 
attack one was used for inoculation and the other as control. Inocu- 
tioii was made by putting on the plant to be inoculated affected 
Mots from a diseased plant contaming mites. The inoculated 
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plant began to sbow the symptoms on the third day. On the 
fifth day these ivere quite clear and on the eighth day the witheimg 
of leaves commenced (Plate XVI, fig. 1)- The control plant kept 
away from the inoculated one did not show any of the symptoms 
and remained quite healthy (Plate XVI, fig. 2). Encouraged ivift 
this trial, experiments were made on a greater number of plants. 
Ten plants were raised in pots. Five were used for inoculation and 
five for control. Inoculation of the plant was done as before on tlie 
5th of August, 1919, by placing on them the affected shoots containing 
mites. The plants began to show the disease on the next day, and 
on the fourth day the symptoms were quite evident, namely, the 
bunching of shoots and the browning of the under-surface of tender 
leaves. At this stage the examination of a browned leaf under the 
microscope showed any number of moving mites with their eggs. 
On the eighth day the shoots were completely bunched up and 
were much darkened in colour. In one plant leaves Were withering. 
Thirteen days later, most of the top leaves of all plants were quite 
reduced in size and dried up. The controls remained quite healthy 
during this period. The results of the experiments conducted, 
in the same way, in the fields too were quite conclusive. Leaves 
affected and covered with mites were attached to a few plants m a 
corner of a plot where there was no disease and the plants were kept 
under observation. The inoculated plants alone took the disease 
and the attack started from the point of contact with the affectei 
leaves, The mites were again found in intimate association riti 

the disease on the new plants. 

The casual connection of the mites with the disease at once 

suggested a method of control, by spraying with a sulphur wash, or 
hy dusting with sulphur, and prcliminai^ trials were made in pots 
where the potatoes were seriously affected. Both methods proiec 
effective, and it was found possible to revive plants which ime 
a very advanced stage of the disease. Experiments on small plo 

proved equally effective. , 

The potato crop is so valuable that the application o ^ 
a spraying method as a safeguard against the disease would p' } 
and hence a limited area in the fields of the cultivators las 
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ii-aved with lime sulphur wash, or dusted with sulphur, during the 
Lt season, three dressings being given coinmenciisg from the 
tinie when the plants were three weeks old. The results were 
excellent and a demand at once arose from the people to spray their 
^yjiole area. The season and the disease had, however, hy that time 
advanced so far that it was impossible to do anything this year, 
g jaying with lime sulphur wash, however, was a little more effective 
than' dusting with sulphur. Three treatments were given— the first 
when the plants were three weeks old, the second when about six 
^•eeks, and the third when they were between two and three months 
from planting. The difference between the yield of the sprayed 
jelds and those unsprayed in the immediate neighlmurhood i)' 1919 
was very great. The yield of the unsprayed plot was only ] .000 lb, 
per acre, or practically the amount of .seed u.sed : that of a plot 
aprayed after the attack commenced was 5.000 !ii. iwr acre ; that 
of a plot sprayed from the beginning was 8,72o lb. per acre. The 
cost of the complete spraying treatment this year was Tls, 1 3 per acre, 
but this can be materially reduced. At present, spraying, though 
mote effective, is a new process to the cultivators, and it is probable 
that dusting with sulphur from muslin bags will be more generally 

used. 

.kn attempt has been made to see if any of the vanetie.s .rvnilable 
ate immune to the disease. All those commonly cultivnted are. 
however, rapidly attacked if conditions arc favourable. An English 
variety. ■' Epicure,” in cxpcrimcnial trials seemed to ])osse,s3 some 
resisting power, but further experiments are i.eeessary with it, Tire 
avourite variety in Poona, a round, white. Italian type, knowir in 
i^estern India as ‘‘ Talegaoi-,” was tlie first to Ire attacked, and the 

Dthci local varieties soon followed. 

It is difficult to say how the mites whicli camse the disease are 
carried over from year to year. Looking to the field conditions of 
the tract where these observations have been made, it ajijrcars that 
the disease may po.ssibly be carried over on the jrotato ]rlant itself, 
Although there are two definite seasonal etojrs, the kimrij and the 
I'A with regular intervals, the seasons are not sharply defined 
and potato cultivation goes on practically uniuterruptejlv between 
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June aiid March. The MariJ crop is sown in June and July awl is 
harvested in September and October, sometimes even in November, 
The sowing of the rabi crop begins in November and extends even up 
to March, the harvesting ol very late planted crops coinciding 
with the planting ol the bharij crop again. Stray plants arising 
from the remnant tubers of the previous crop are also found in tlie 
fields. It is tlius seen that the potato plants are found throughout 
the year in the tract either as a regular crop or as stray plants, aril 
the rabi crop though not seiiou.sly attacked is not liy any mears 
free from the mite. Owing to tlie cold weather the disease never 
does mucli damage and lien.ee does not attract attention. The 
mite, however, comes into activity again as soon as the hot weatJier 
sets in in April and May. From the hot weather crop it is proliably 
carried to the kliarij season again. 

Another possibility, of course, is that tlie mite may have utiier 
host plants, So far we have found what appears to be the same 
mite on ffimr {Cyamopsif! poraUoides) only. On this plant it has 
been recorded from Barocla, Padra, Surat, and Poona. Cro.ss- 
inoculations hai'e proved that the yuvar mite and the jxitato mite 
are one and the same. Potato plants when infected with the y/urai 
mite easily took the disease. Chilli and tomato plants were also 
ti'ied, but they remained free from the disease. More obsen-atiuu,. 
and experiments are recjuired on this point. 
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I, IXTRODl’CTIOX. 

A PECULIAR TYPE of mhi cultivatidii for wheat is rarriod oi'. in 
the Ilaveli tract in the iiortli of the Central Jhnvii'ces, The si-steiii 
has been fully (le.scril)e(l by Mr. Evans ’ wlien Deputy Director 
of Agriculture, Northern Circle, Central Provinee.s. so a detailed 
description of the agricultural practice i.s ui'nece.ssary. It may, 
however, be stated that the u.sual rahi cro]).s— wheat, grain, Imm 
(Mh/rus sativm), tm.vtr (Lens escileiihi). liivscod. ete.. either jnire 
or ill nii.xture — are grown in a soil which for the greater ]iart of the 
moii.sooii months i.s water-logged. Banks or LonC are erecteel 
on any level fields and the mon.soou rainfall i.s imonuuded. The 
average rainfall in the tract i.s 50-60 inelie.s. During the hot weathei' 
one single cultivation may or mav not he giv'cn. The fields are 
allowed to be flooded, and ii' the month oi Detober the i\'atei' is run 
off. As the field dTie.s, seed is sown with a jdough (mtn) and here 
again a preliminary cultivation mar or may not be given, The 

* Paper rpad at the Seventh IiuUaii Soionce Con!jivs>.. Naa^p'ir. 

’ A^ri Journal of hidta. Vol. VIII, li'l.'I. p. 117. 
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average out-turn is about 700 lb. per acre of either wheat, graui, 
or masnr. This brief outline of the system followed in this tra-t 
Avill show that the soil undergoes three distinct phases. There is 
the dry hot weather season when the soil frequently cracks to 
considerable deptlis. This is followed by a period when tlie 
soil is submerged by the monsoon rainfall and again by a growing 
season ^^•hen the percentage of moisture in the soil gradually fails 
from full saturation to the hot weather state. It should be explained 
that the soil in itself is a particularly heavy one containing, as will 
be seen from the figures quoted in Tabic I, nearly 76 per cent, 
of clay and silt. 

Our attention was drawn to these soils by Mr. G. Evans, Deputy 
Director of Agric\dture, Northern Circle, Central Provinces, and 
by one of the leading landholders. It was stated that these soils 
are found to be gradually decreasing in fertility but the peculiarities 
of the agricultural practice followed, seemed to call for an exaniiiui- 
tion of the iiacteriological processes prevailing in the soil. It was 
also pointed out tliat the early growth of the -wheat plant, by its 
dwarfed aird yellow colour, indicated nitrogen starvation. It will 
be observed that no manure is applied to this land and the soil 
depends for its croj)-produci)ig power on natural recuperative 
processes for maintaining soil fertility. 

It was further considered that saturation witli water during 
most of the rainy .season might possibly tend to diminish the i)owci 
of the soil to render available t he nitrogen contained in it. 

II. Experimental. 

Experimental plots were laid out in the year 1915-1(5 on laml 
in the Haveli tract at Kheri near Jubbulpore. Thi'ee fields were 
chosen and cultivated as follows 

Plot I was not surrounded by a bund or embankment and was 
ploughed in the beginning of the momsoon and harrowed at Intervals 
during the monsoon. 

Plot \I was ke])t flooded until one month before sowing tinn'i 
when the water was drained off and one harrowing given Ix'leK 
sowing. 
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Plot VII followed the usual practice. It was kept flooded as 
p.:g as possible and not cultivated at all. 

The three plots therefore represent (lie ma.viiuum aeration 
pr.ssiblc, partial aeration and no aeration. 

The following analyses will show that mechanically tlie soils 
j], the variou.s jrlots were very similar. 

Table I 

Showing the physical analyses of the soil jroin the miions 
etpennmital plots. 

f’l.a I I'loi VI I'Inl 

I.T-'MI 

U-;{0 U'SOK 

\:\-m 

s-HO SdMIO 

.V7U 4'!(K) 

7'on T-:](.X) 

li-iUii 

0 -u 0 -n:. 


ToT\r. |rni-4(i Dfl'T.'.j 

The analyses indicate that tlio soil i.s a lioavy .sticky clay. 

It is black in colour and necils to he oulti\-atc(l at tlw ]n'n]rpr time 
or the tilth i.s destroyed. The maximum .saturation capacity,, as 
determined by Kilgard'.s method, with a .soil layer 1 c.m. deep, 
i,s about 00 per cent, by weiglit. 

In the fir.st rear ilelinilc biological work was not jaissible. but 
samples of soil were taken at intervals between, tlio boginidiig ot tlic 
monsoon and harvest lime and detenuinations of ritrogen as ammo- 
nia. nitrogen as nitrates, total organic nitrogem hnmus. moisture and 
calcium carbonate wore nuulc. 

A resume of the results i.s given m Table 11 (p. 200). 

Tlie remarkable ieatiire about these results i.s the .'^mall ]>ro])oi'- 
tion of easily available nitrogen jire.sent in tlio.se soils, hurthcr, 
the stock of nitrogen ju’esent in thn .soil to bn dr.iwn on for the future 
use of the plant is verv .small. This fact suggested that possibly 
tie nutrition of the wheat plant on embanked land is very closely 
connected with seasonal bacterial activity in the soil and does not 
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depend to any great extent upon accumulated plant food stored up 
in reserve. 

During tlie next season arrangements for bacteriological work 
were possible, hence a study of the bacterial activity in these soils 
was taken up. The usual biological analyses of the soils dealing 
with nitrogen fixation, ammonification, and nitrification, etc,, 
were first carried out and some interesting results were obtained 
which can be summarized as follows 

(1) The soils under expriment appear to be very energetic 

in nitrogen fixation, that is, they are able, to a more 
than common extent, to take up nitrogen from the 
air by bacterial processes. 

(2) Having taken up this nitrogen, they have considerable 

ammonifying power, that is, they are' able rapidly 
to break down organic nitrogen to the simpler form of 
ammonia. 

(3) In the conversion of ammonia into nitrate, these soils 

appear to be distinctly weak, the oxidation onlj 
going as far as the nitrite stage, very little nitrate 
being formed. The figures obtained are tabulated 
in Table III at p. 297. 

Haviirg found from the previous year s results that these 
soils are of low nitrifying power, experimeids w'ere continued during 
the next year w'ith certain additions. In the first place, a series of 
moi.stuTe determinations were made in order to see to what extent 
the various methods of treatment modified the water content oi the 
soil. The first determination was made in October after hcav}’ 
rains, and Plots I, VI, VH contained 35, 40, and 44 per cent, of Avatei, 
respectively. This show'ed a con.siderable difference between, the 
embanked plots ljut by the lOtli November the figures had decreased 
to percentages (jf 23, 23, and 29 for the same plot.s. Further determi- 
nations were made in January in. the middle of the growing season 
and the water content of all the plots was uniform at 17 per cent. 
These figures (Table IV) indicate that in. a year of good raiufiiU 
an unemhanhed field is as good as an embanked one, as the soil 
can only hold a certain amount of water and the impounded water 
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upon the surface does not materially affect its water content at the 
important time of the season, that is, from Nov'ember to February, 

If the rains stoppd early, the moisture condition,? of the various 
plots might be different. Apparently, about 20 to 25 per cent, of 
moisture is what the soil ivants at sowing time. 

It may be concluded that in a year of good rainfall no .advantage 
accrues from embankments as regards the water content of the 
soil, but as no year of low rainfall has occurred during the course 
of the experiment,?, the authors are unable to give data for a very 
abnormal year. 

In making observations of the power of the soil for nitrifying 
ammonium sulphate in Omeliansky’s solutiois. it was noticed that 
nitrification progressed quickly at a temperature of but at the 
lower air temperature prevailing during the cold weather, nitrifica- 
tion was very slow although it proceeded a.s fat as the nitrite stage 
(Table III). 

In soil medium, with oil cake as material to be nitrified, the 
aanie effect was noticed. 

In this, case, however, it was found that ammonification pro- 
ceeded rapidly, about 33 ]X'r cei>t. of the organic idtrogen added 
being ammonified in a period of 15 days. Tlie deficiency in nitrate 
fomiing power was not improved In’ tlio addition of reasonable 
quantities of calcium carbonate or co]i]ier suljdiate' (Tabic V). 

Ill all cases, only about 3 to 5 per cent, of organic nitrogen added 
to the soil was converted to nitrate within a period of 8 weeks, 

The black cotton soil of the Deccan is of somewhat similar 
texture to the soils under experiment but is given an o])en cultivation 
and experiences a lower rainfall. From the figures quoted in 
Table V it will be seen that the nitrifying power of black cotton soil 
is very superior to that of Kheri soil e\en under similar conditions 
regarding water content, teiiqH'ratuiv, etc. 

Incubation of the soil with the cake at 3()-33^C, increased, 
however, the nitrifying efficiency to a very great e.xtcnt, though 
it was much below the ordinary nitrifying capacity of black cotton 

^ Lipnian and Burgess. I'nir, Oif. Pxh. Agri. ^cu, Vol. !, No. pp- 
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soil under similar conditions (Table VI). The maximum amount 
of nitrogen converted into the form of nitrate, within a period of 8 
weeks, was only 50 per cent, in the case of Kheri soils as against 
85 per cent, in the case of black cotton soil. Water content to the 
extent of 25 to 30 per cent, seems to be the optimum for nitrifioatioii 
for these soils (Table VII). 

The wheat growing area in the north of the Central Provinces 
extends from Jubbulpore down to Hoshangabad, the whole area, 
being known as the Narbada Valley. In Jubbulpore district the 
system of embankment is common, but it is not practi.sed in Hoshan- 
gabad. In the latter district, the wheat soils are given good open 
cultivation. The rainfall of the two districts and the soils are not 
very dissimilar. It is also considered that varieties of wheat grown 
ill Hoshangabad do not suit the conditions prevailing in Jubbulpore 
Haveli and vice versa. 

On determining the nitrifying power of Hoshangabad soil, 
it was found that it was very sujierior in this respect to Kheri soil 
(Table \l). The authors were, therefore, led to investigate the ques- 
tion whether by reason of the small amount of nitrate available in 
embanked land, wheats grown under such conditions wore forced 
to take in their nitrogen in a form other than nitrate. Pot experi- 
ments were conducted at Nagpur ii' which Hoshangabad wheats 
were grown on their own soil an.d on soil from an embanked area, 
and Jubluilpore wheats on their particular soil and on soil from the 
open cultivation at Hoshangabad. .\t the same time the plants 
were manured with nitrogen cither as nitrate or ammonia. Unfortu- 
nately with these heavy clay soils it was found almo.st impossibic 
to obtain good conditions for growth in pot e.xperiments and the 
results were not very convincing. It was however, noticeable that 
nitrogen as ammonia on soils from the embanked tract had a greater 
maimrial effect than the same amount of r-itrogeu as nitrate. This 
was more marked with Kheri soils and .fublmlpore wheats tliaii 
with Hoshangabad and Nagpur soils. The Jubbulpore. wheats 
showed a marked preferen.ee for ammoniacal nitrogen particularly 
on Kheri soil but the Ho.shangabad wheats did not evince such a 
cie finite partiality. 
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For the past two years, attention has been particularly paid 
t(t the changes which the soil may be undergoii'.g in its nitrifying 
.apacity, and the results will be found in Table It will be 

noticed that Plots I and VI show a nitrifying power greatei' than that 
, { plot VII, and apparently this nitrifying power is increasing. The 
results for the years 1917-19 bring out an interesting point indicating 
tJie intimate connection between laboratory expu-iiucnts and field 
f onditions. A bad tilth was obtained in that period and this exerted 
,i rlepreasing effect on both the nitrifying power and the yield of crop. 

It was generally observed durii'g the 4 year.s ol experiment 
that the young plants in Plots I and VI did not show the yellow 
colour generally attributed to nitrogen starvation. 

III. Summary. 

1. It wa.s brought to the notice of the .Agricultural Chemist, 
Central Pi'ovinces, that the embanked wheat soils of Jnbbulpore 
tract were said to be gi-adually deteriorating a,Tid gii'ing low yields. 

2. It was ob.served that wheat plants in such embanked 
fields appear weak aird yellow in the early stage of their growth, 
but recover later on. 

3. Mechanical .analyses of the .soil were cairied out, The 
soil is heavy and sticky black in colour btit less so than ordinary 
black cotton soil. It gets very hard and forms tenacious blocks 
on drying after raims. 

4. Biologic.al analy,sis .shows that those soils jiossess very good 
power for aminonification and nitrogen fixation, etc., but are ratliev 
slow at nitrification. 

5. The nitrifying power of the soil increases gradually when 
rainy weather cultivation is gh'en to the .soil. 

6. The out-turn of wheat is also considerably increased when 
some form of rainy weiither cultivation i.s given to embanked wheat 
soils and wheat seedlings from plots receiving cultii-ation do not 
appear yellow and weak in the early sta,ge of their growth, 

7. From the experimental results obtained it appears that 
young wheat plants in embanked fields are subject to some factor 
which retards thcii- groivth. This factor may be due to lack of 
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available nitrogen or the presence of some deleterious substance 
formed under anaerobic conditions. It is evident that wbatevcj 
the cause it is removed by cultivation and aeration during the 
monsoon months. 

8. Experiments with a more precise control over field trials) 
are in progress with a view to determining the most economic form 
of cultivation. Attention will also be given to determine, if possible, 
the exact factor which interferes with the growth of young wheat 
seedlings on embanked soils. 

9. Experience gained from this enquiry shows the difficulty 
of using pot cultures in very hearty' soils such as that under exjieri- 
ment. It is impossible to reproduce field conditions in pots when 
the soil has to be transferred from field to pot culture house. 


Table II 

Shou'in<} the anw^Dits oj nitrogen as amwon^a, nitrate, 
etc., in various fids. 
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Table III 
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Table IV 


Showing percentages oj moistnre in the various Kheri 
plots in various years. 


1 Year 191o-1« 

Ve.ar 1916-17 

Pate of sampling 

i^atc of saniiiling ^ 
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soils incubated at 30 G. (Cakc^bi) mjm. n,lni,m vcr 100 am 
dry sod em,ployed.) 
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1 a-M 

1 

" 

'J'otal 
?*. X 

nitri- 

' % X 

1 ne 

NH. 

; - 

'1 Ota 1 

0 V 

ni(ri- 

lifd 

N 

as 

XH, 

Total 
'.’o X 
iiUri- 
tinl 

"r. X 

XH, 

Total 

N 

iikii- 

(ivd 

X 

as 

Total 

0 V 

tiitri- 

fu>d 

2,1 rl week 

4I(» 


38-2 

tiapi's 

V.l-2 

t fa('(-s 

)S-(i 

.74 (1 

41) 



III'OS 

Ith week 

28 0 

21-0 

2,S0 

17-8 

;;i-] 

lli-S 

3 -7 

M-3 

- 

;.ii-ou 

r,(h week 

23-2 

2(r7 

23-2 

2"i 

1.7-8 

23 r. ■ 

•J-s 

70 8 

- 

04 ’00 

8th week 

J(r8 

42*8 

14-S 

j 

42 -S 

!)■;{ 

4<i-0 

OH 

8r)-4 


7)TS0 


Table VII 

Showing niirifimtim in Kheri soil Plot 1 at diffenni satmttinns at 
30°C. {Cake^bO mgm. nitrogen iier 100 gm. dry soil 
employed.) 



1,3 K^TUUATlON -- 
20 ^MulsTl-HK 

3,8 .saTIKATIoN- -- 
22 .7 MoiisTrr.K 

1 2 .SVTVK.^TIO.V =: 

30 MnisTVRE 











! 

i X a.s 

1 XH. 

Toial 
, X 

■ nitrilu'd 

: "o X as 
XH, 

'I'otal 
i N 

j nitritk'd 
i 

X .'IS 
XH. 

Total 
^1 X 
nitrified 

2 weeks . . 

33-00 

on 

34 .‘ID 

0-4! 

2>0-2.7 

0-t73 

4 Weeks , . 

37 -IS 

I 20 

:u-3!f 

i 7-08 

20-13 

20-20 

Ir weeks . . 

41-00 

4’r>o 

30-71 

U-30 

22-40 

27-72 

^ Weeks . . 

38-31 

1 

8'20 

2.7-10 

; 20 -ss 

13-01 

.71 -09 


0 



JQQ AGRICULTUEAL journal op INDIA [XV, III. 

Table VIII 

Showing the rate oj nitrification in differed plots in different yean 
in sampled soil mth 60 mgm. nitrogen as cahe and optimim 
moisture content. (Soils were irwubated at 30°-33‘’C. Amount 
oJ nitrogen nitrified is represented in terms oJ percentages and 
includes both nitrite and nitrate nitrogen found.) 


After 2 weeks 
4 weeks 
6 weeks 
8 weeks 


I915-191(i ! 1916-1917 


1917-1918 


1918-1919 


riot 

I 

Plot 

VI 

I'lot ' Plot 
VII 1 

plot 

VI 

Plot ' 

VII 

Plot 

I 

Plot 

VI 

Plot 

VII 

Plot 

I 

Plot 

VI 

Plot 

VII 

Rrinj 
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17*7 

untimely 
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25-0 

27-0 
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46-9 
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29-84 

21-32 

38-4 

42-7 

‘29 -9 
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Table IX 

Showing average out-turn of wheat grain per acre in Ih. 



.fdectd Srlitles 

(SO 


THE FUTURE OF WHEAT I'RODUCTfON WITH SI’l-X'fAU 
REFERENOE TO THE EMPIRE.* 

In view of the importance of the question oi the future of 
wheat production, the present article lias been prepareil by Air- 
A. S. Judge, lately Chief Collector of Customs, Runiia, from published 
information and material available at the Imperial Institute. 

Wheat in relation to other cereals. 

In dealing with the question of the consumjrfion and disposal 
of the wheat crops of the world, it is essential that those of other 
cereals should be taken into consideration, for in times of shortage 
these grains are sulxstitutcd for wheat, and some of them provide 
the staple food of the inhabitants of various parts of tiie world. 

World’s prodiiclioH oj cereals. 

Wheat and rice are the two principal eereal.s which provide 
food for mankind ; millets, rj'c, maize, barley, ai’d oats, especially 
the first three, are used as human food in many coun.tries, but are 
more generally u.sed in Western countries for feeding live-stock. 
The annual production of wdieat in the world aiuoimts to about 
110,000,000 tons, while that of rice, assuming that the out-turn in 
.'liria i.s equal to that of India, is about 90.000,000 tons. Rice 
s the staple food of the majority of the inhaliitarts of In.dia. China, 
Siam, Japan, Korea, Formosa, the Phi!ip])ine Islands, Ceylon, 
and the Malay Peninsula and Archipelago ; it may he estimated 
that more than one-third of the human race are rice-eaters. Wheat 
is the principal bread grain of the AVestein nations, and the world’s 
production of this grain is almost entirely converted into flour, 
'n the Course of which process various by-products are obtained 


* Reprinted from the Bulkiin of the Irnperiul Institute, Vol. XVII, No. 2. 
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Whioli are used as cattle food. Wteat provides food for the majority 
of the inhabitants of Europe, America, Australasia, Northern 
Africa, and of those parte of Asia where rice is not the staple food. 

In Northern and Central Europe, black bread made from 
rye takes the place of wheaten bread among the poorer classes. 
The estimated production of rye in the world is about 45,000,000 
tons, of which more than one-half is raised in Eussia, and one-fourtli 
in Germany. Eye is also grown in the United States, and during 
the war Scandinavian countries obtained their requirements of rye 
and rye flour largely from this source. 

There is an increasing demand for wheaten flour throughout 
the world ; it has been replacing rye in Europe, and in Germany 
the average consumption of wheat per capita advanced from 130 lb. 
for the ten years ending 1889 to 190 lb. for the ten years ending 
1912 ; in Asia, Africa, and South America also natives prefer wheat- 
en flour to their ordinary diet, and the demand for this flour mil 
advance as the material prosperity of the people improves. It is 
fortunate, therefore, that vast tracts of virgin land are available 
for wheat-growing in Canada, Argentina, Australia, and Siboiia, 
and that the old-world granary of lllcsopotamia, after centuiies 
of neglect and misrule, will again provide abundant supplies of food 
for mankind. The rice-lauds in Eastern countries with their teeming 
populations have, on the other hand, nearly all been brought iiito 
cultivation, and although lands suitable for rice are available in 
Africa and America, it seems doubtful whether rice will be cultivated 
on an extensive scale in these countries. 

The quantity of maize produced in the world is pmliably 
greater than that of wheat, and the demand for this grain is con- 
stantly increasing. Tlaizc is a prolific crop : it is estimated tliat 
it takes a little more than lialf of the acreage laid down to wheat 
to provide the same yield of maize. The United States contribute 
at present about 70 per cent, of the total world’s production; 
Argentina, Brazil, Mexico, Peru, India, Egypt, Eussia, Eumaiiia, 
Hungary, and Italy are also large producers, and British feoutli 
Africa, with a suitable climate for this crop, promises in the futue 
to supply large quantities of maize. In Europe and North America 
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maize is chiefly used for feeding Jive-stock, and tJic wonderful develop- 
mert of the pork industry of the United States is directly related 
to the maize crop. In parts of South America, Africa, Asia, and 
of Soutliern and Eastern Jiiirope, maize provides food for the people. 
Although corn-flour is largely eaten in all civilized comdries, this 
floiu' alone cannot be made into a light porous loaf, as can wheaten 
flour, owing to the diiferencc in the chariwter of its gluten. 

Barley is an important crop in Europe, especially in Bussia 
and Germany ; it is also extensively cultivated in North America, 
Northern Africa, Japan, China, India, and Asiatic Turkey. The 
annual production in the world cannot be .short of .50,000,000 tons. 

Ill Europe and North America the grain provides food for cattle, 
and the be.st qualities are also largely used by distillers and brewer.s, 
the by-products which result forming valuatile food for cattle. 
Barley is eaten, to some extent, by the inliabitunts of Nortliern 
iUiica, and also in parts of Asia ; its principal use is, however, 
as fodder for cattle. During the war, barley me.-il was used in most 
of the European countries for admixture with wheaten flour in the 
manufacture of bread. 

Tlie annual production ol oats in the world is estimated at 
about 65,000,000 tons ; oats arc raised princi[iiilly in Europe and 
Xoith America, mainly as food for cattle. An increasing quantity 
of oatmeal and other preparations of this grain is now being consumed 
throughout the world ; in 1018 the United btates exported over 
150,000 tons of oatmeal, rolled oats. etc. 

Millet.s are grown extensively in Asia. Africa, and also in Itussia 
and the Balkan Btates. It is not possible to frame any reliable 
estimate of the quantity of this grain produced in tlie evorld. Iir 
India 52,000;000 acres are devoted to millets, and the .supply of 
human food obtained from this .source i.s only of less importaiice 
thaiu'ioe. In China also there is a large cultivation, and in Japan 
the estimated out-turn of grain is 500,000 tons. The production in 
Eg)'pt is 250,000 tons, and millets are grown iii many other parts 
of Africa. The production in Russia in i!H2 was about 2,500,000 
tons. During the same year Russia produced 1,200,000 tons of 
buckwheat. France and the United t'tates ea.ch produeed about 
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400,000 tons of this grain, which is also grown in other parts ol tlie 


world. 


World's consumjrlim oj cereals. 


The following statement shows the average consumption per 
head of population, in certain countries, of wheat, rye, barley , oats, 
and maize for the five years 1909-13: 


Country 


Wheat 


Rye 


Barley 


Oats 


Maize 



United Kingdom 
F ranee 
Belgiutu 
Netherlands 
Denmark . . 
Sweden 
Russia .■ 

Spain 

Italy 

Germany . . 
Austria 
Hungary .. 
Rumania . . 
Canada 
United States 
Argentina .. 
Japan 
Egypt 

Australia . . 


lb. 

360 

493 

r>05 

263 

245 

158 

180 

340 

370 

191 

217 

310 

181 

755 

319 

354 

31 

191 


lb. 

.3 

64 

195 

241 

500 

251 


lb. 

115 

61 

123 

113 
409 

114 


lb. j lb. 


181 

292 

204 

140 

622 

433 


99 

59 

128 

201 

238 

17 


lb, 

T.i> 

i,io: 

2.0U 

973 


iii 1 

72 . 

155 1 

18 

' 069 

66 ' 

156 

41 

98 

7(1! 

8 

13 

37 

179 

0117 

32.3 

213 

269 

27 

1.023 

213 

121 

174 

73 

' 798 

84 

! 120 

105 

479 

1,(198 

3 

1 22 

70 

481 

lOl 

15 

220 

1,339 

211 

2.04(i 

18 

i 81 

349 

1,564 

2,831 

3 

14 

28 

408 

80' 


87 

3 

4 

1 I2j 


40 

— 

311 

.148 

I “* 

■ 28 

116 

125 

597 


The above statement has been prepared from the Statistical 
Notes published by the International Institute of Agriculture, 
Eome. The consumption covers not only human food, but also 
cereals required for feeding live-stock, and for industrial purposes , 
seed requirements are, however, excluded. 

The consumption of rice in the Western countries of hurope 
and in America may be estimated at between 8 and 10 lb. per capita , 
the pre-war average in the United Kingdom Was 8 lb., but latteilj 
it has been twice as great. In Italy and Spain, where rice is giowii, 
the consumption is over 25 lb., and in Egypt it is over 50 lb. k 
Japan, where rice is the staple food of the people, the consuiiiptm 
is about 400 Ih. In Italy, Kussia, Egypt, and Japan millets and 

buckwheat are largely consumed. , 

There are no estimates showing the quantity of cereals lecpuie^ 
for human consumption in the countries mentioned aboie. 
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may be estimated, however, that the average consumption per 
capita is 4 cwts. of grain, equivalent to about 300 lb. of flour or 
meal. The quantity of flour or meal obtained from grain varies 
according to the quality of the grain ; it is, however, generally 
estimated that 133-3 lb. of wheat or barley, 153'8 lb. of rye, 166-6 lb. 
cf oats, and 117-6 lb. of maize are requited to produce 100 lb. of 
meal or flour. The amount of cereals consumed in different cormtries 
varies considerably ; in France and Belgium, for instance, the mass 
of the people eat more bread and farinaceous food than those in 
England and America, who are accirstomed to a more liberal meat 
[jiet. More wheaten flour is consumed in France and Belgium 
than in any other country, the high rate of consumption of wheat 
in Canada being due to the fact that in the pa.st thi.s grain was often 
given to cattle. An examination of the statement given above 
shows that wheat is the principal cereal consumed in the Western 
co\mtries of FiUrqpc, whereas in the Central and Korthern countries 
generally rye is more largely eaten than wheat. In Ilumania wheat 
is extensively grown for export, maize being the chief diet of the 
people. 

Source oj European supplies oj cereals. 

The following table shows the average production of cereals 
in certain countries of Europe for the five years 190h-13 (1,000 
ton.s) 


Culintry 

Poiiulii- j 
lion j 1 

Rye 

Itar- 

ley 

Oats 

Maize 

Rice 

.Milk-ts 

buck- 

M’lieal. 

Total 

United King- 
dom 

45,40U,000! 

1,633 

20 

1.432 

2.998 

- 

— 


fi.mi;! 

France 

40,000,000 

»,(>44 

1.245 

Id 140 

5.l5r 

506 


400 

17,060 

Belgium 

7,500,000 

405 

580 

94 

618 



— 

1,697 

Denmark 

2,800,000 

145 

451 

543 

77( 


- 

- 

1,915 

Spain 

20,000,000' 

3,550 

703 

1.626 

433 

674 

350 

3 

7,337 

Italy 

3.'), 000, 000 

4.089 

135 

230 

531 

2,548 

500 

130 

9,tBS 

Germany 

65.000,000' 

4,156 

11,325 

, 3.344 

8,04: 

- 


400 

27,807 
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The average production, surplus of imports over exports^ 
and consumption per capita of cereals in each country for the 
five years 1909-13 were as follows: 



j Av^erage 
■ prtniuetioti i 

i 1 

i 

1 

Average 
aurplua ol 
imports 

exports . 

Average 

consump- 

tion 


1 ewts. 

ewts. 

ewts. 

Uiuipil 

2-(i 

4-3 

6-9 

Fruiico 

«•"» 

M 

9-li 

Beljxiuni 

1 

4-.‘> 

0-2 ^ 

10-7 

Denmark 

13-7 

5 -3 

19-U 

SiJaiii 

■ 

•4 

7-7 

Italy .. .. 1 

=■' i 

11 

9-2 

('Jennany . . . • 

i 1 

1-U 

lO-I 


Continental countries, as a rule, protect their agricultural indus- 
tries by imposing import duties on cereals. In Germany the import 
duty on a quarter (8 bushels) of wheat was lls. lOd. ; in France 
12s. 2d . ; and in Italy I3.s. The import duties in flour were on a 
higher scale. Belgium and Denmark admitted wheat free of duty. 

The above table shows how dependent this country is on 
imported grain. With the exception of Norway and Finland, 
no other country in Europe is so dependent on outside supplies. 
Denmark, in proportion to her population, imports a greater quam.ty 
of grain than the United Kingdom ; this is due, however, to tin* fact 
that her live-stock industry is relatively much more highly developed. 
The following table shoevs the number of live-stock in the two coun- 
tries in 1912 : 



Cattle 1 

1 Sheep 

I’iga 


i 

^ 0 . 

.Vo. ! 

A'o. 

I'nited Kingdom 

.. ' 11,914,035 

28,907,495 

3,992,019 

Demnaik 

. . ; 2,253,982 

726,879 

1,407,822 
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The estimated iiumher of poultiy in Denmark was 13,000 000 
for the feeding of which a large rp.antity of cereals would bo 

required. 

The number of live-stock in the two countries for every thousand 
inhabitants is as follows : 



Caltlc 



-Vo. 

i .v<>. 

United Kingdom 

2(12 

dft-S j 

Denmark 

.sm j 

: m 


In Great Britain for every 100 acre.s under crops or grass there 
are on an average 23 head of cattle, and in Ireland 34 ; in Den mark 
the number is 32 , and in Belgium, before the war, there were 42 ^ 
Taking cows aird heifers only, there are in Great Britain 9’o, and in 
Ireland U, to each 100 acres; whereas in Denmark and ilgium,' 
before the war, the number wa.s twice as large a.s in Great Britain 
The belief appears to obtain in some cpiarters that the choice 
of farmers in this country lies betiveen wheat and milk. It has been 
maintained that the breaking up of gras.s-land.s for cereals will result 
in the reduction of the number of cattle. This has not been the 
e.rpertence of farmers in Denmark, where there is very little pasturage 
and yet the head of cattle is, in proportion to the cultivated area 
greater than in Er'gland. Corn and live-stock are not competitive 
products, mdess cereals are giown on a large scale for sale, leaving 
ro home-grown keep for animals. In Dermuirk less than 8 per cent, 
of the cereals grown consi.sts of wheat, whorea.s in Great Britain 
the percentage of wheat to other cereals is nearlv 30 per cent. 
Now that the national emergency has pa.sscd. and large .supplies of 
wheat are available in Canada aiul other British Dominions, the 
question arises whether the cultivation in this country of oats 
«id green crops for feeding stock would not pay better than wheat. 

11 considering the relative advantages of growing wheat or oats, 
be borne in mind that the rates of ocean freight for oats 
rom 20 to 30 per cent, higher than for wheat, which is a heavier 
The dairynieu in this cmmtry rely principally on pasturage 
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during the summer months, whereas in Belgium and Denmark, where 
pasturage is limited, the farmers by intensive cultivation raise 
ereen crops for feeding cattle. For many years before the outbreak 
of war a decline in the acreage of arable land was a regular feature 
in the animal returns of agriculture in Great Britam. The reasons 
generally assigned for the reduction of arable land were the increase 
in the cost of cultivation, the growing scarcity of qualified labour, 
and the fall in prices of agricultural produce, due to the mtensity 
of foreign competition. There is less risk and outlay involved 
in farming grass-land, and less labour is required ; it is admitted, 
however, that a larger head of stock cannot thus be carried, and 
in fact that the number may be less than under a mixed system of 

'""'"The following table shows the average acreage under cereals 
and the average number of cattle and sheep in the United Kingdom 


over a period of years : 



1 

i 

1 

NumbiT of 

Nuiifbei Ilf 

Puri<.»d 

Wlieat Barlej- Oats j 

'lotal ■ 

i 

1 

cattle 



Aaes ; 

Acres | 



1873 

3,070,000 2.574,000 4,198,000 

10,442,000 

10,153,000 

33,982,91X1 

188t-S8 

2,543,000 2,349,100 4,314,900 

0.20T,(i00 

10,014,000 

29,3.71,999 



8.422,000 

10,924,000 

:io,4tj7,oub 

1894-98 





1904-08 

1,075,000 1 1,903,;M«) 4,20<i,900 

7,785,200 

11,000.000 

29,74:d«iu 

19011-13 

1,888,300 1,847,300 4,001,200 

7,790,800 

11,849,000 


1914-18 

2,238,700 1,737,400 4,.529,300 

8,505,400 

12,298,000 

28,2:i','.UW 

1914 

1,906, WJO l,873,(KIO 3,899,000 

7,078,000 

12,184,000 

1 aTilKMAKW 

1918 

2,793,000 : 1,839,000 5,005,000 

10,237,000 

12,451,000 

! 28,S49,UIW 
1 


Although in 1917 the cultivated area in Ireland represeiite 
31 per cent, of the total acreage under crops and grass in the United 
Kingdom, her share of the total acreage under wheat was only 
per cent., of barley 10 per cent., and of oats 30 per cent. Ireland 
possessed, however, 40 per cent, of the total head of cattle an 
per cent, of the sheep. In 1918 both the acreage under cerea 
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and 111. number of cattle m tie CnlM Kingdom were greater 
ta m any year for tie thirly-fiv. y.„,e. e„ 

few ountoes m Europe where the number of ehe.p hae been 
mamtamed m recent yem. In m<wt ef the Conti. Jal eo.mfc 
aheep have decreaaed as the are. „[ .,aUe fa„j ; 

the same tendency .s noticeable ,n the more closely settled dislriets 
01 Australia and Aigeutiua. 

The value of farm and dairy prmlnce i.npotted into the United 
hm^om B very large, and much of it comes from Denmark The 
total value of unporte of eggs, butter, and bmion in t»n ,ri,b t|„ 
share of Denmark m the trade, was as follows : 



Total value 
of imports 

•‘^hare of 
Deoniark 


i 

£ 

Rutter 

Bacon 

.S,«.72,800 
24,01 ),27li 

1 8,22.),, alls 

2,.54li,(l7n 

11,038.037 

0,03li,4.'4 

Total . . 1 


23,722,07(1 


_ With closer settlement on the land and more intensive culti- 
vation It should be possible to increase largely the home supplies 
01 farm and dairy produce. 

The average net imports of cereals (flour and meal being reduced 
to grain) into countries in Europe for the five ypav,s 1909-13 are 
shown in the following table : 


United Kingdom 

France 

Belgium 

Netlierlands 

Ueniuark 

Korway 

Sweden 

Spain 

Italy 

Switzerland 

Oerniany 

Austria 

Total 


1 Wheat 

Kye 


Tori.< 

, r>,880.i.H)0 


■ IJ88JKH) 

SI,(XI0 

l,;U0,tHK) 

I24.(KK» 


203,1)00 

17I,(HK) 

208,(HH» 

J04.(XH.i 

2t>2.0«h» 


97.000 




1,448,1X>(> : 


4tHl,0<H) ! 

18.000 

l.8i>9,(K)0 ■ 



i, 31)7,000 • 

.310.000 

14,804,000 ' 

1,44.7,000 


Harley 

Oats 

Tons 

Tuns 

I,040.(KK1 

003.t»00 

I32.(K)o 

433.0tKI 

3303 M HI 

IIJUKH) 

24l,OtKI 

117.000 

3.(H‘0 

00,000 

O'UHX) 

lO.tKH) 

— 

Oti.lKlU 

1 S.IHH) 

ns,(H)0 


181. OO) 

3,243,000 

47.01K) 

9\,m 

191,000 


-Vuize Total 


7 mid To/id 

d.WT.oiK) n.iifiu.ooo 
oO.'j.uoo s.;t:i7,ouo 
■iiis.tKai 2.:W!,IX10 
■'A-’.OOO I, so 1.000 

2!hS,0U0 710,000 

HO.WIO .)0.j,(XI0 
■12.1XXI .'lilO.IXK) 
247, (XK) 41.7,000 
liSS.IKW l.OOS.tXX) 
lOl.tXX) 785.(XX» 
sS12,tKX) 7,073,000 
■794,000 2,580, (XX) 


.7,230,000 2,311,(K)0 6,032,000 20,822,000 
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The principal exporting countries of the world for the five 
years 1909-13 were as follows : 



Wheat 

Rye 

Barley 

Oats 

Maize 

Total 


i Tons 

Tons 

' 

1 Tons 

Tons 

Tons 

Totis 

Russia 

. . 4,4(>7,00<1 

707,000 

3,769,000 

1 ,005.000 

711,000 

10,659,000 

Gerjiiany 

■ ■ ; - 

671,000 

- 

- 

- 

671,000 

Hungary 

.. i,in.(KK) 

348,000 

252,000 

159,000 

219,000 

2,089,000 

Himiaiiia 

.. 1,460,000 

96,000 

390,000 

141,000 

1,138,000 

3,225,000 

Hiilgaria 


49,000 

40,000 

1,(100 

234,000 

020,000 

Canada 

. . 2,580,(100 


119.000 

238,000 



2,937,000 

United States 

. . 2,910,000 

24,000 

180,000 

04,000 

924,000 

4,102,OiK) 

Argentina 


7,(KJ0 

16,0<M) 

617,000 

2,940,000 

6,106,000 

British India 

.. i,:i 19,000 

- 

226,000 


20,000 

1 ,595,000 

Algeria 

144,000 

- 

II4,(K»0 

58,000 

- 

310, (100 

Au.stralia 

1,345,000 

- 

2.000 

- 

- 

1,347,000 

Total 

.. 18,254,000 

1,1KI2,000 

5.10H.O(K) 

2.283.000 

6,186,000 

33,733,06(1 


The United States and Argentina send large quantities of wheat 
and flour to countries outside Europe ; in other respects the trade 
was mainly with Europe. It will he seen that the importing 
countries in Europe obtained 55 per cent, of their requirements from 
other European countries, of which Eussia supplied 36 per cent, and 
Rumania 11 per cent. During the war the Western countries of 
Europe could not draw on Russia or Rumania ; this shortage was. 
however, largely made good by much heavier inrports from the 
United States and Canada, as the following table will show : 


Ayerace exrort.s from the United States and Canada — 3914-lo to 1917-18. 



Wheat \ 

Rye 

Barley 

Oats 

Maize, i 
) 
i 

Total 


\ 

Tons \ 

Tons 

run., i 

1 Tons 

1 

Tons 

Tom 

Canada 

4,7t2,(H)9 

I 19,1X10 

222, (XK) 

\ 663,000 

- 

5,616,000 

United States 

< 

5,576, (HK> 

346,000 

526,000 

1.512,000 

1,172,000 

n,i:i2.(W) 

Total 

10,288,609 

1 

365,000 

748,000 1 

2,175,000 

l,n2,CXK) 

■14,74S,0LH) 

i 
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In 1917-18 the Union of South Africa exported over 200,000 
tons of maize, and Brazil nearly 240,000 tons. 

Varieties and qualities op wheat. 

There are many varieties of wheat grown in the world. All 
tlie best wheats grown, however, fall under the group “ Common 
Wheats.” The grain of the common bread wheat varies both in 
colour and quality, and may be either soft or hard. Soft wheat, 
termed “ weak ” by the miller, generally yields flour which makes 
a somewhat small loaf of dense texture ; hard wheat, termed 
“ strong,” makes a larger and a porous loaf. .As flour manufactured 
from hard wheat ivill carry a large percentage of moisture, a greater 
number of loaves of equal weight can be made from a given, quantity 
of this flour than from the same quantity of flour obtained from 
soft wheat. The dense-eared types with weak grain gi\'c a heavier 
yield per acre than tlie hard wheats, and on this account they are 
largely cultivated in England, France, Germany, and in many of 
the older and closely settled countries. In countries with severe 
winters, high summer temperature and low rainfall, strong \’arieties 
with low yields are grown. The best descriptions of hard red 
wheat are produced in the United States, Canada, and Southern 
and Eastern Russia. Generally speaking, the question of strength 
or weakness of grain is dependent on the variety grown, and upon 
soil and climate ; high summer temperature and low rainfall favour 
nitrogen content and flintinoss ; cooler and damper climates, 
on the other hand, favour standi production. It has been maintained 
that very high yield and superior strength could not lie, contained 
in the same variety ; recent experiments made by the Agiicultural 
Departments iii India have proved, however, that this view is not 
correct, as excellent results, both as regards yield and quality, have 
been obtained from some new tyjies wliich have been created 
by selection and cro.ss-breedii'g and distributed among the cultivators 
in India. The average quality of hmne-growu wheats is low. and 
as wheats of the highest quality can he produced in England, efforts 
arc now being made to obtain new varieties of prime quality and 
liigh yielding capacity. In recent years the standard of excellence 
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of flour tas been raised, and there is a constant tendency towards 
the use of hard red wheats, with the result that the proportion oi 
such wheats now grown in the world is much larger than it was 
twenty years ago. 

Wheats of widely diSerent characteristics are required by 
British millers, and home-grown wheat is nearly all mixed with 
Canadian and other foreign wheats, containing a high percentage 
of nitrogenous matter, to give the right proportion of milling and 
bakuig qualities for our bread-eaters. In many mills flour is never 
made from one straight lot of wheat ; sometimes as many as four or 
five different lots are blended to obtain a well-balanced product. 
The chief constituents of flour are starch and gluten (albuminoids), 
which are found in an average proportion of 88 per cent, of starch 
and 12 per cent, of gluten. The gluten may be as low as 6 or 8 per 
cent, in soft wheats, and as high as 15 per cent, in hard wheats. The 
highest gluten content is possessed by the light- amber wheats 
of the durum group, which are grown extensively in Southern 
Europe and Northern Africa, and also in North America and Southern 
Russia. From the flour of this wheat macaroni and similar Italian 
pastes are prepared. The flour extraction of wheat varies in accord- 
ance with the quality of the grain. In America it is estimated that 
a good sample of Kansas Turkey wheat, a hard winter wheat, 
properly milled, will yield products approximating the following 
percentages ; bran 12 per cent., shorts 14 per cent., total flour 72 
per cent., which allows 2 per cent, for wastage and evaporatioir oi 
moisture. Since the middle of the nineteenth century the milling 
process has been made much more efficient, partly by the substitution 
of rollers for millstones, and partly by improvements in arrangemei' ts 
for cleaning the grain and sorting out the various products obtained 
at different stages of the process. In normal times the average 
yield of flour from wheat in England is about 70 per cent., with about 
28 per cent, of bran and pollards in nearly equal proportion.s. 
Usually two kinds of flour are made from one mixture. In Hungary 
and other parts of the Continent, where a dark flour can be sold 
or mixed with rye flour, yields as high as 75’and 78 per cent, are 
obtained, and several grades of flour are made. During the war 
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the flour extraction prescribed in this n i 
of the wh..,L .. 

raised successively to 83, 88, and finally to on ^ “ ^^'‘ndard, 

qualities. In Algeria the flour extraction for 

fixed at 74 per cent., and for hard wheat at si 

March 1 1917, the flour extraction in 00^: y Irari \ 
per cent. ^ as high as 94 


The PHOMCTIOH 

IN THE WORLD. 

Wheat has a range of cultivation in the wo.l i i , 
elevation and latitude, greater than that of any oti 
now ^own successfully m the tropics and near t c/'l" 

According to the estimates framed by the Iiiternatio i '' 

.. E„„.e. fc t 

^out 100,000,000 tons. These ^ ^lain 

tlie statistics for Serbia, Albania, Montenegro ^ 

Finland, and Portugal in Europe and onk- f r ’ 
par. of AoWc R„,« „,a , I’, 1” "»■« » 

ftion of S«„tt Alrico, Algeri. T ^ *« “« 

1. tke State, C„' la ,W ,r . 

Amotica. The I!„„pea„ State omitw tearTte*:! 
close on a million tons of wheat. China Persi. . i ^ 

are all large producers, but nnfortnnatelv no reliable sratCc'"'''^ 
available. It has been e.stimated that 7 son ono ' 

to wheat in the Ottoman Empire, and the mT T"" 
mated at over 3,000,000 tons. Before the war t!u k'°'' 
w rteat and flour, aud wW. more «|«, ™'-'l>»rti"g 

coininuiiications a great eyreinu,; ■ ‘ 'mproved 

The Persians, like their iieighbrnim in ^^“^'’'’’^ction 

eaters, and not only .sunnlv fl • ^ 

«P»rt..m.ll quautitte", fvheIr°m'T';”r''’’ 

'■■om the most ancient im. ’ .a 17 ^ *^^“aa 

’^rge as it ha« k ■ ’ ^ proiluction must be very 

Z ZTTZ »' f'C-MonS 

eat rice. Wheat is grown in nearly every province 
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ill China, and is the staple food in the north. Travellers in many 
parts of China have recorded the fact that fields of wheat are the 
most common feature in the landscape. According to American 
Consular reports, Manchuria raises about 10,000,000 bushels of wheat, 
and is capable of producing 300,000,000 bushels. Wheat is gnnvj, 
extensively in Morocco, and in normal times the exports exceed 
30,000 tons ; in Abyssinia wheat is the staple food of the people 
In Mexico and Brazil wheat i.s cultivated, and the production 
increasing. It may he fairly estimated that wheat throughout the 
world at the outbreak of tbe war occupied 275,000,000 acrc.s, ard 
supplied about 4,000,000,000 bushels or 110,000,000 tons of graii\ 
/liter deducting the seed requirements, which may be estimated 
at 11,000,000 tons, on the basis of 100 lb. of seed to the acre, there 
would be available as food approximately 100,000,000 tons of wheat, 
equivaleirt to about 75,000,000 tons of flour. 

In the jS'orthern Hemisphere the wheat harvest begins in India 
in March, and continues in one country or other until September, 
the largest area being reaped in July and August. In Deceml)cr 
and January, Australia and Argentina gather their harvests. The 
world’s harvest is usually reckoned as being fini.sbed in February, 

The following table shows the production, imports, exports, 
and consumption of wheat in certain countries for the five rears 
1909-13. (The trade in flour, expressed in its equivalent weight 
of grain, is included.) 


Country 

Average 

produetion 

Average 
?iirpUis of 
imports 
<»ver 
exjKuts 

Average ' 
surplus of 
exjiort.s 
over 
inipoits 

AMjago 

fOJl'l .,)i. 
tluo 


Tons 

Tom 

Ton^ 

Tm-< 

United Kinjiilom 


.1,880.000 

- 


France 

8, ti4 1,0110 

l.lSS.OtW) 

- 


Beigium 

40.j,000 

l.;U4,OUO 

1 

l.Tlf.lXW 

Nctheilati'ls 

ItJl.fMlO 

.508,000 

- 


Denmark . . 

14 . 1,000 

171,000 



Carried over 

IO,O4«,(M}0 

9,181,000 
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Country 


Brought forward 

Xonvay 

Sweden 

Ruiiin in Europe, excluding Finland 
Russia in Asia (9 Governments).. 
Spain 
Italy 

Switzerland 
Germany . 

Austria 
Hungary 
Rumania 
Bulgaria 
Canada 

I'nited States 
Argentina 
Truguay . . 

Chile 

Rrilidi India 
Japan 

t'nion of Soiitli Africa 

Algeiia 
'Tunis 
Australia 


Zralanil 

2,2I1,(KK) 


2II,0<XI 

^’otal 

100.21 S.ttXI j 

Tlie avorage production of wheat 


1,345,000 

20,000 


Average 
product ion 

1 Average 
i surplus of 
, ' iinpoits 

1 over 

I 

! Average 
' surplus of 

1 export,? 

Average 
i eon.su nip. 

■ 

1 exports 

Over 

Iniports 

1 tiou 

Tom 

! Tons 

'Tons 

'Tons 

10, 940,000 

' i -MRl.OOO 


20,127,000 

8,000 

KH.OOO 


1 112,000 

220,000 

1 191,000 


411,000 

18,180,000 

1 1 



4,000,000 

1 1 

- 1 

4.407,000' 

'",713,000 

3,.mooo 

108,000 

— 

3,718,000 

4,989,000 

1,448,000 ' 

1 

— 

0.437,000 

90,000 

j ■ 400, OfN) 

— 

550,000 

4,150,000 

j 1 ,859.000 

~ 

0,015,000 

1, <>55, 000 ! 1,397,0(X» 

1 1 

1 

_ ! 

1 

3,052,000 

4,021,000 

! 

1 

1,111,000 

3,510,000 

2,389,000 

- 

1,459.000 

930,000 

1,190.000 

- 

301,000 

889,000 

5,571,000 

- 

2,5S0,(XI0 ! 

2,991,000 

18,(58,8,000 

- 

2,910,000 ' 

15,778,000 

4,282,000 

- 

2,5S0,0(XI ' 

1,09('.,000 

105,000 

- ; 

3.’,ooo : 

100,000 

009,000 

- 

05,000 

544,000 

9,57,8.(H»0 

- 

1 .349,(100 

8.224.000 

057.0(10 

110,000 

~ 

7(17,000 

148,00(1 

1CI,0(HI 

- 

.309,000 

928,000 

2I2.(kX( 

- 

1,140,000 

952,000 i 

- 

143,000 

SOO.OOO 

1(19.000 1 

20.000 

j 

189,000 


800,000 

101,000 


j i5..in.(hH) is,ri, 0 (H) 0T.iriS.ooo 


var 
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not shown in the above table was 1,000,000 tons, amounted to 
53,000,000 tons. The only countries in Europe producing surp]'i.s 
wheat for e.vport were Bulgaria, Kumailia, Serbia, Hungary, ajul 
Russia. The remaining countries in Europe imported 14,804,000 t(.ns 
of wheat, of which 7,338,000 tons were supplied by the countries 
mentioned above, and 7,466,000 tons were obtained from over-sea 
sources, mainly from Canada, the United States, Argentina, Australia 
and British India. During the war the surplus wheat from Russia 
could not be exported, and owing to tlie disturbed condition of tlic 
country it is probable that production has been much reduced' 
Since the outbreak of the war a great change in the land teiuire 
has occurred in Russia, R\iraania, and Hungary. Before the war 
the land in Russia was largely held in communal or in private ownot- 
ship, and agriculture on the privately owned land was of a more 
advanced character, and gave a higher yield. Commercial fanning 
on a large scale had made considerable progress, and wheat cultiva- 
tion had been rapidly mcreased. In 1904 it was e,stimated that 
17,6'27,000 acres of the wheat acreage was in private hands, and 
26,126,000 acres in communal ownership. Under tlie communal 
system the land is held in common ownership by the villages, and is 
distributed at certain intervals among the members of the communitv 
for individual cultivation. The redistribution of the land tends 
to discourage high cultivation and manuring, and there was a 
growing tendency for the richer peasants to rent land from tlieir 
poorer neighbours. Since the revolution took place in Russia the 
peasants have apparently taken possession of the land, and if the 
large farmers, who worked on modern lines, are eliminated, it must 
follow that production will decline, as the pea.sants will at first he 
poorly equipped with capital and machinery. In Rumania ami 
Hungary the large estates have to a great extent been broken up 
into small farms. Eventually the productivity of the laud will 
undoubtedly be enhanced by the new system of farming, but it will 
be interesting to see what immediate re.sult the chairge in the nwiieu 
ship of the land will have on the production of cereals on a large scale 
for export. It remains to be proved whether the small farnift 
can afford to grow wheat in these countries to the same cvteiit 
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tlie late laiulowiievs who farmed on an extensive scale, and made 
.,vlieat their maiii crop. 


The following table shows the average production of wheat 
tor the four years 1914-17, compared with the live years 1909-13, 
io Allied and Neutral countries in Europe: 


Xanttp of country 

i 

lliU.17 


1 

; Ton>‘ 

Tom 

Untied Kingdom 

.. .. j 

) ,772,()tli) 

France 

. . 1 

o.xu.ooo 

Xetherlaiids 

1 i:;j.<KK! 1 

Uli.OdU 

Pen mark 


!n4,om) 

Xovway 


tt.DOU 

Sweden 


2:!4,C(i(j 

Spain 

.. I i 

:i, 744,(100 

Italy 

. . i 4.0xf».(i0(i ' 

4.400.0(10 

Switzerland 


imi.iimi 


Total .. ! l!),-Et)S.0o(i ; 

10.4.12.000 

Trance and Italy both suffered by the invasion 

and occupation 

of their territories by the 

eiremy. Outside Fairope there wa.s a 

great exjjair.siou in. wheat cultivation, as the following statements 

will shore : 



X’liiic of Odutciry 

I9J4.17 



Toh^ Tom 

Tom 

(''anad.i 

.■.,a74.(K'0 T.oTn.unu 

•■),72I.(HJU 

I’riitcd StatoN 

SS.njtS.ono 

2o.noO.iHni 

Argentina 

4.:ix:*,»M»o 

.'(.ib'jO.IH )() 

lli'iri.ili Jndid 


lo.iOP.ii'io 

AiiNlralia 

■-•.iri.iKiii ri.liiM'dii 

:i.i;j4,iiou 

'I’l •i.tI 


.'o.i.’a.oDo 


The acreage under wheat in the above-mentiored countries 
in 1918 had inerea.sed hv 31.000.0(10 acres, and was 27 per cent, 
larger than the average acreage for the five jire-war year.s. There 
is at the present time a .siifhcicney of wlteat. e\eii without the 
liflp of Tlu,s.sia, to meet tlie requireiuei'ts of the world, arid with an 
axter(le(| area under cultivation in many countries there should be 
I’n (laiiger of .sliortage in tlie immediate future. The question 
die trai'sport and distribution of the cro]).s is. however, a difficult 
'ane, and freight charges will be high for a long time, 
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Tlie area under wheat, production, and yield per acre in various 
countries of the world during three periods are given in the following 
table. The statement is incomplete, as statistics regarding several 
wheat-growing countries are not available. It may be estimated, 
however, that the countries not represented produce about 10 per 
cent, of the total world’s production. 


1 

Area sows 

Tot.^t, harvest 

Yield per 

Name of country 

Million acres 

Million bushels 

Bushels ptT 

au'd 

1881-90 i 

1891-00 

1909 13 

1881-90 

1891-00 

1909-13 

1881-90 

1891 -Uij 

IM-lj 

United Kingdom . . 

2-7 ■ 

2-0 

1-9 

76 

00 

00 

28 

3(1 

32 

France 

17'2 

17-1 

Ki-O 

301 

305 

317 

17 

IS 


Belgium 

Netherlanda 

Denmark i 

0-6 

] 

Oo 

0 4 

18 

16 

15 

30 

;i3 

3 ; 

Norway 

Sweden 

Switzerland . . . 

1 O'O 

O-G 

0-6 

17 

18 

22 

28 

30 

lilj 

Russia-in-Europe . , ’ 

30-2 ^ 

39-2 

Cl -2 

244 

300 

GGG 

8 

s 

11 

Portugal . . j 

0-7 ■ 

0-7 

0-0 

7 

7 

8 

10 

III 

9 

Spain . . 

9-0 

91 

0 3 

100 

92 

130 

11 

III 

1 ;] 

Italy . . • • ! 

11-3 

11-3 

11 6 

US 

123 

183 

10 

11 

1 1) 

Germany 

4' 

4-9 

4-8 

104 

125 

153 

22 

25 

3:' 

Austria 

2" 

2-7 

3 0 

43 

43 

00 

10 

Hi 

2(1 

Hungary 

6-8 

8*2 

90 

118 

143 

109 

17 

17 

ij 

Rumania 

3-4 

3-7 

4-C 

42 

52 

88 

12 

14 

19 

Bulgaria 

Serbia 

2-4 

i 

2*4 

2-9 

35 

3.5 

44 

15 

15 

lo 

Greece 

Turkey-in-Europe 

1 3-0 

3-G 

3-6 

40 

40 

40 

11 

11 

11 

Total Europe . . 

95-9 

lose 

130-0 

1.203 

1,3.59 

1,955 

13-1 

13 2 

15 

India . . 

Russia-in-A s i a (9 

26-7 

2A2 

29*2 

•2.79 

243 

351 

10 

lu 

1:! 

Governments) . , 

8-4 

lO-G 

9'.") 

7( 

UHl 

120 

9 

9 

li 

Japan . . 

1-0 

11 

1-2 

13 

19 

24 

13 

1 : 

i'll 

Ifl 

Canada 

2-3 

:m 

10-5 

38 

55 

204 

10) 

is 

United States 

37-1 

43*1 

47-1 

427 

559 

085 

12 

13 

11 

Argentina 

2-0 

5’7 

l.)0 

24 

05 

147 

12 

]! 

111 

Uruguay 

0-4 

0-6 

0 8 

4 

(i 

0 

10 

Ill 

' 

Cliile . . 

Union of South 

0-9 

10 

10 

12 

14 

21 

13 

W 

2] 

Africa 

0-2 

0-3 

0-7 

9 

2 

0 

7 

~ 

s 

Esypt • ■ 

1-2 

1-3 

13 

12 

13 

31 

10 

111 

i()' 

Algeria 

3-1 

3-2 

3-5 

21 

24 

35 

7 

s 

10 

Tunis . . 

0-8 

1-0 

J-3 


0 

■ 0 

0 

(1 

5 

Australia 

3-2 

4-1 

7-6 

27 

30 

90 

8 

7 


New Zealand 

0-3 

0*3 

0-3 

8 

7 

7 

25 

1 

'lo 

Total 

87-0 

100-6 

129 0 

920 

1.143 

1,730 

10-5 

' 11-3 , 

13-1 

Grand Total , , 

183-.5 

203 '6 

259-0 

2,189 

2.502 

3.691 

■ 511-0 

12-0 

I4i 
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One of tke most important features in tI,o ,1 
is the rapid increase in the area under wheat in IhuoLi 
Tiic average area sown advanced from 30 000 000 ^ 

1S91-1900 to 61,000,000 acres between lOGO-l’s 
production rose from 300,000,000 bushels to 666 000 00^' b'TT' 
]’jie extension of wheat cultivation had, moreoi-cr bv “ ' 
nached its lirmt wh^ the outbreak of war cheeked fmll;; “ 
The returns from Italy are also remarkable as the i ^ 
60,000,000 bushels in tlie third ovci- the second n •• i " 

entirely due to the increase in the yield per acre wTtli thr' 

. Portugal Serbia, Greece, and Turkey, regarding 
rduible statistics are not avutilable, every country in Europe obtained 
a lugher yield per acre. Compared with the yields of 42 busM 
per acre m Denmark. 37 bushels ia Belgium; and 32 bushels in 
England and Germany. -the average yield of 15 bushels per aer 
for the n^ole of Europe ,.s low, but with more .scientific method 
of agriculture and unproved seed there can he little doubt that bettm 
results will be obtained in the backward countries. 

Outside Europe the groate.st advance in wheat-growing ha.s been 
made iii the following countries ; 



I .S!I| -OG 
Ari'a sown 

]'.1G«UJ3 

Alva Sown 

JUlS 

Area .sown 


Million acrc‘.< 

Million acivs 

Million acres 

Ciinada 

3 1 ; 

luo 

17-1 

United States . . 

4:M 

47] 

AS -9 

Argentina 


l.VO 

IT-i) 

India 

i 

J5-2 1 

ilO 

3A‘5 

Russia-in-Asia . . 

K>'(> I 

o-^ 

14 A* 

Australia 

i 

11 i 

1 

'■0 

11-0 

Total 

1 

01 -8 i 

1 

1 111-9 i 

i 

lAA'l 


* Area sown in 1915, 
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There was a general improvement in the average yield pa 
acre, which is, however, sthl very low in most of the countrh 
The crops in Australia sufier from drought, and m Argentina from 
drought and locusts, and in both these coimtriesthe average quantii.v 
of seed sown is only a little more than one bushel to the acre. In 
India rust is the chief enemy, and accounts for the low average 
yield. Rust is the most widespread and serious disease from which 
wheat suffers; neither spraying nor seed treatment have been 
successful ill checking the disease. Rust-resistance varies greatlr 
geographically, and depends also on the kind of rust ; varieties 
resistant in one locality may not be so in another. Knoivn rust- 
proof varieties are generally poor yielders, but by selection and 
hybridization some progress has been made in raising good-croppiug 
rust-proof types of wheat in different countries. 

That there has been a great improvement in wheat-growiuu 
is evident from the fact that, whereas the total area sown advanced 
by less than 2o per cent, in the third over the second period, the 
total production rose by nearly 48 per cent. In 1898 the late 8ir 
William Crookes estimated that the wheat-growing countries could 
only add 100.000.000 acres to the wheat area of the world, and 
this additional area would produce 1,270,000,000 bushels, just 
enough to supply the worldhs reTiiiremeuts up to 1931. About 
half the allotted period had elapsed m 1913, and although onlv 

60.000. 000 acres had been added to the ivheat area, the production 
had increased by 1,191,000,000 bushels, nearly equal to the total 
production estimated for the mlditioiial 100,000,000 acres. Snicc 
the outbreak of the war, furthei extensions, amounting to nearly 

50.000. 000 acres, have been added, and vast areas of iiev laii'l 
are still available in Canada, Argentina, Brazil, Australia and 
Siberia. In the United States and Einopean Russia further e.vtcii- 
sions can be made, and in Asiatic Turkey and Xortlierii Aiuta 
under settled conditions and with improved cominunications iiuici 


larger areas will be brought into cultivation. AViicn the foiccas, 
was made in 1898 it was apparently not recognized that the Amt!' 
Western Provinces of Canada possessed some of the most Ia\'ouiabl} 
situated wheat-growing lands in the world, and that the 
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ol Au*ali. „d A,ge„tt„, theit «.„ty .aiid.ll 
were also suitable for wlieat-growiug. ’ 

It if.difficult to estimate the total area of uew land in the 
world which could be made available for wheat-growiim • it must 
however, be far in excess of the area imiv devoted to wheat In’ 
Australia it has recently been, estimated that the area with over 
10 inch^ of ram m the ^owhig season, available for gmin m New 
South ’Wales, \ictoria, bouth Australia and ^^’estern ArKtroli. 
is nearly 50,000,000 acres. There are also immense areas of good 
laud situated in the drier zones of the four States mentioned above- 
which under irrigation or with improved methods of cultivation 
and improvement m drought-resisting wheats ufU eventually- 
come under cultivation. In Queen.slaml and the Northern Territory 
there are great areas of land, both iritliin and outside the tropics 
where climate and soil are (iuitc suitable for wheat-growinw In 
South America new lands suitable for wheat-growing probably 
equal those available in Australia, and Canada and Siberia will 
eventually provide even larger areas for wlieat. Not only are 
there large reserve areas of laud available to meet the growing 
requirements of the world, but the aA-eiage yield jxu acre is being 
steadily improved. Under ordinary agriculture and with improved 
types of drought and rust-re.si.-.tiiig wheats there is every reason 
to expect that the present average yield of 13 bushels 'per acre 
will be doubled, and with iiitensiw cultivation the yield could be 
trebled. The fears c.xpres.sed in some cpiarters that there will be a 
wheat crisis before the end of this century are without foundation. 

It has been predicted that tl.e maximum world’s ]mxluction of 
wheat will be 6,000.000,000 bushels, and that the earth may in 
the end be able to feed permanently 1.000,000.000 wheat-eaters. 
W'ith an average yield of 26 Imshels to tlie acre the e.xistii'g wheat 
area cf 300,000,000 acres would produce 8.000,000.000 bushels of 
wheat. 
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Production and trade in the chief countries op 

THE WORLD. 


United Kingdom. The following statement shows Pie 
wheat pioductioii and the quantities and values of wheat and floin' 
imported since 1861 . 




Wheat j 

Flour 

Percent- 
age of 


Period 

annual 
production 
of .wheat 

Average 

imports 

! 

Average 1 
value ' 

1 

i 

Average | 
imports 

Average 

value 

flour to 
total 
imports 
of wheat 
and flour 

Vflhle 

of wheat 
per ton 


Tons 

Tom 

1 

£ 

Tons 

£ 


£ d. 

1861-75 .. 

3,000.000 

1,724,000 

20,087,000 

252,000 

4.041,000 

12-7 

a 13 0 

1870-90 .. 

2.272,000 

2,791,000 

26,343,000 

647,000 

8,865,000 

18-8 

9 S 9 

1891-03 .. 

1,. 920, 000 

3,720,000 

25,540,000; 

971,000 

9,424,000 

20-7 

6 17 3 

1906-10 .. 

1,575,000 

4,343,000 

39,550,000' 

614,000 

6,493,000 

12'6 

8 3 3 

1911-14 .. 

1,028,000 

5,125,000 

43,484,000| 

528,000 

5,673,000 

9-3 

8 9 S 

1915-17 .. 

1,766,000 

4,609,000 

71,275,000 

579,000 

11,783,000 

11 ’0 

15 5 ij 


There was a great fall in tlie price of wheat during the latter 
half of the nineteenth century, brought about by the development of 
new wheat lauds abroad, and the remarkable reduction ui the cost 
of sea-borne transport. An average level of about 60s. a cpiartei 
was maintained over long periods up to 1874, and then for ten years 
the average was about 45s. After this the price fell rapidly until 
in 1894 a minimum of 22s. lOd. was reached. For about ten years 
prices ruled low, and then there was a recovery, and the average 
price in 1909 ivas 36s. lid. In 1910-11 the price fell to 30s. llrf.. 
and in 1913 the average price was 32s. id. After the outbreak 
of war, owing to the difficulties of transport, there was an enormous 
rise in prices. In 1873, 3,700,000 acres w'ere devoted to wheat 
in the United Kingdom, but with the fall in prices land rapidly 
went out of cultivation, and in 1904 the acreage sown was oiil) 
1,400,000, the lowest level reached. ,For the five pre-war yeai“ 
the average area under wheat w'as about 1,900,000 acres ; duiiug 
the war the wheat acreage was largely extended under the stimulus 
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of the Com Production Act, until iu loio a. 

i, o,„ ^ 

,n:.ierial prosperity of a nation depends larselv ’ ti , f 
nxntof the agricultural resoumes oT ^ 

fanning in this country did not prosper durin." the , ' 
laige and cheap supplies of corn, meat, and dai! - . 7' 
huported from abroad, .nth the result that botiroea 1871 'nd lon 
tlu' area under arable cultivation in Groat llritain wrs i 
by 4,000,000 acres, or by more than, one-fourth and s ‘ ' 

tion of the mraf population cither emigrated o; moved Z dmi 
congested mdustrial centres in search of emjilovment 
The average 

,t. eguivaleat ™,ght m grai,.) i,, Kir™, a,! 

Sv« yaar, IMyiS w.a ,,m.m te, «, r„ * ' ” 

, ho ao„rt,y, a„l , ; , ' ■ 

of our wheat supplies are varied,, hut those ^00.1, r • , 
substantial and regular contributions are fow.'^ ‘ 

The shares of the principal coun.trie.s front wliieh tJie L'Htcd 
K.„gto, fawa aurohra o! «-,«t are r,,,,.-,, 

flour, expressed in its ecp.ivalent weight in grain, is in,eIu,lecP ’ 
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'Fhe outstRmliiig feature of the trade during the war was the 
jrreat inerease in the imports from the United States. 

I’he imports of wheaten flour since 1909, with the pnuu.al 
sources of supply, have been as follows ; 



1‘IUH 

HIIO 

1!>!I 

1912 

I9i:4 

lyu 

1915 

1916 1911 

lliK 


Ton-i 

■ 

Ton^ 

TO/lr-i 

J'Ofl''! 

Tom 

Tons 

Tons 

Tons Toi'^ 

At, 

l-'rotu B ) i 1 1 .8 1* 
Kinjiirc 

120.200 

lOO.OOb) 

iss.Uh) 

2 : 1 .), aOO 

225,400 

l7:t,S00 

UiS.oOO 

2:ie,S00 2fKI.|.iii 



42 :i.:ioo 

JJS.IKW 


2T;4,!><)0 

:472.9oo 

:129,KKI 

:i55,000 

2fll,lU0 12iv''Hii 

bjUi 

'I'tital 

.■,.)2..')U0 

4{>K.0{V» 


.">09,400 

' 

.WS.JIKl 


52:i,5(Mi 

+!t7,!)00 TMi.siKi 


From ('anutlii 

lU.'FODO 

1SI1.200 

; 10 : 4.100 

20C‘.2(Ht 

20S,400 

lol.iioo 

UiS,0iH) 

2n,:400 lOT.Tiiu 


Australia 

20.100 

20,4i«) 

: 

22,2tH‘ 

:{4..'>oo 

17, 
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100 

25.«0U (I2..VJII 

Mh, 
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1S,200 
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.■>,+00 
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The United States and Canada are the pi-incipal contrilmtcis. 
followed bv Australia ; before tlie war France and Germani .wit 
faulv large cpiantit.es of Hour. During tlie last ten years t lie 
milling mdustrv in the United Kingdom has been greatly deiei.po , 
the average quantity of wheat imixirted between 1S90-19 U.mw. 
3,332,000 tons, whereas the average imports for tie 't 
1909-13 amounted to 5.166,0110. an increase of 1,834,000 tons. ^ 
imports of flour fell, however, from an average of A'«5,UOO ori 
m the earlier period to 532.000 tons in the later ])eriod. bi ^ : 
owing to the question of freight, imports of flour weie .1.0 
average of the ten preceding years, whilst in 1918, they were 
in excess of the average for 1896-1900. At one time Iloiii ^ 0 
was carried on at the principal centres of production, 
development in the sea-borne trade, and low freights, lei « 
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estiiblisliment of flour mills ui many of the chief poits in this country, 
si„h as London, Liverpool, Hull, Glasgow and Leith, where most 
gj (he wheat is now dealt with. The average quantity of wheat 
milled in the United Kingdom during the five years 1009-13 urns 
about 6,800,000 tons, which, on the hasi.s of 70 per cent, of flour 
„- 0 !ild yield about 4,800,000 tons of flour, 900,000 tons of bran.' 
and about the same quantity of offals. The devehqnueut of lire 
milling industry is a most satisfactory feature in the trade of the 
country, as not only does the indii.stry prordde ciiqdoymont for 
capital and labour, but the byqnoducts produced ij: tiie country are 
of great value to the farmers. Unfortiimitoly in preucar )ears these 
by-products were extensively cxprortcd to Hcnmarkand Gcnnaiiy. 
The export trade in flour is not of great importance: in 1913 it 
amounted to about 8(1,000 tons, valued at £856,900, the chief 
customers being Kussia, Norwa}-, the Canary Islaiuls, Kgrpt and 
Malta. There is a consiclerabh* e.\port tiade in Ijiseuits, worth 
£1,501,000 ill 1913 ; m 1917 the value of this trade was £1,752,000 
but the volume was 20 per cent, less than in 1913. 

Oaaada. The rapnd development <jf wheat-growing in Canada 
is reflected in the followii:g .statement. 


1 

L'crit.Hl 



issl-in 


2.oCH»,niHi 

Totf', 

lyui-iu 

•• 

b- 


lyou-iij 







7.;)7L*.*.kiu 

im 


IT.oU.'^W 



Though wheat i.s grown in I'eaih' e\eiy prorinic the great 
wheat belt is the western jirairie, and the flnest wheat region is the 
rich valley of the iSaskatchewan, whem the grain grows to perfeetion, 
and the yield averages over 26 bushels to the acre. Un the prairie 
Linls, which were first taken up, wheat is being grown year alter 
year without rotation and without manure. In time this must lead 
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to soil exhaustion, but there are vast tracts of land still available, 
the land area of the three Prairie Provinces amounting to 446,000,0ii0 
acres. The further north wheat is grown, up to a certain linslt, 
the better it is. The hulk of the prairie wdieat is spring soiiu., m\{] 
the chief dangers with which the farmer has to contend are hail 
in August and early autumn frost. The prevalence of smut is another 
draw-back, which lowers the yield and value of the grain. 

The average exports of wheat and flour for the five yeiii's 
1909-13 were 2,580,000 tons of grain, and for the four years 1914-17, 
4,712,000 tons. The United Kingdom take.s nearly the whole of the 
grain, and about two-tliirds of the flour exports. In 1913 the 
exports of grain amounted to 2,100,000 toirs, an.d of flour to JoOdOO 
tons ; the corresponding figures for 1916 were 3,800,000 tons oi 
grain and 435,000 tons of flour. Canada also supplies British 
South Africa, the West Indies, Denmark and Norway vith flour. 

Australia. Wheat is the most important farm crop in 
Australia ; ap] 5 roximately half the cultivated area is under wheat. 
The area under wheat is, however, small relatively to the area siiitable 
and available for the cultivation, of this crop. The question of the 
availahle lard and the limits of protitahle cultivation was closeh' 
studied after the outbreak of war, an.d it has been estimated that the 
present aierage production o.f 103,000,000 bushels in the four prin- 
cipal producing Btates, New South AVales, \ ictoria, South Austialiii, 
and Western Australia, could be uicreased five-fold. In addition 
Queensland ha,s large areas which will undoubtedly be cultivated in 
wheat as the country develops. The average yield of wheat per acre 
in Australia is low, in New South Wales the average is under 11 
bushels, and in South Australia, where the crop frequently fails to 
mature, the average yield is only 8 bushels. \\ ith such small 
returns wheat only prays in Australia because of the low oust of 
production. Actual figures of the cost of growing wheat on huge 
farms in districts of less than 20 inches mean annual rainfall hare 
shown that the crop can be sown and harvested for from 21s. to 236. 
per acre, yielding 12 bu.shels. The quality of the wheats groi'H in 
Australia is not equal to the hard Canadian wheats, but the giaiii is 
of even grade, and has good milling qualities. 
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The following statement shows the progress made iir wheat 
cultivation in Australia : 


Period 

Acre.s iiti.h'i 
wheat 

I’nidiietifiii 



Tom 

1800-1 

1S2,000 , 

70,(K)0 

1881-90 

3,20U,<KK) ; 

72tl,iR10 

1908^9 to 1912^13 .. 

fi,79l.0f)0 ' 

2,2)1,000 

1913-14 to 19IC-17 .. 

10.727,00(1 

3.129.0f>0 


In 1916-17 the production was 4.139,000 ton.s. The average 
quantity exported during the five pre-war years was 1.345.000 tons. 
During the war large stocks of wheat accumulated in .Vii.stralia 
as shipping was not available for it.s trai'.sport. In normal times the 
United Kingdom takes over 70 per cod. of the totalexjrorts of grain, 
ai’cl about 15 per cent, of the flour. Australia sujjplie.s flour to South 
.4fiica, Portuguese East Africa, the Straits Settlements and the 
Pliilippir.e Islands. lu 1913 it wa.s estimated that 37.000.000 
bushels, or about 1,000,000 ton.s of wheat, were mill('(l in Australia. 

India. Wheat i.s grown in all the provinee.s of Luba, but 
principally in the north-westerir part of the Imlo-Gungetic plain, 
ai'cl in the Central Provinces, Central Iiulia ai'.d Bombay, About 
3o per cent, of the total area i.s nirder irrigation eitlier in whole or 
in part. 

The area under wheat, and the production since 1891, are slinwji 
ill the following table ; 


Period 


1891-1900 
I90o-0a 
1 909-1 ,■} 
1911-17 
1918 


Average Average 
area uiidtr [irodiKTiuii 
wheat 

TOflr^ 

2o,2c>0,IKK} 0,200, (KJO 

28,000,000 

29.2i»0.0<>0 9,070,000 

;!l,070,(t00 9,4-10,000 

3.),470,(H'0 10,380,000 
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In recPiit years tlie extension of irrigation in the Punjab j:as 
brought into cultivation large areas of land. The large increasp 
in the cultivation in 1918 was clue, however, to the substitution of 
wheat for other crops. In Upper Burma, especially in the Slian 
States, land suitable for wheat is available, and will be cultivated 
when communications are improved and settlers attracted to tlie 
land. There is no immediate prospect of largely extending tlip 
cdieat area in the princijial wlieat districts of India, where most 
of the land is cultivated, except by substituting wheat for otiev 
crops ; the production can, however, be increased by improved 
methods of cultivation anti hy employing improved strains of wlioat, 
The introduction on a large scale of the improved Pnsa wheats, 
which are rust-resistiitg, and give a greater yield than some of those 
at present grown, will, in time, increase the production. Wheat 
and barley are Sften grown together, and consequently the wheat 
shipments frequently carry a jrercen.tage of barley. Under the 
terms of the Indian, wheat contract of 1907, the admixture of baiiej' 
was limited to 2 ixr cent. In recent yeav.s a great improvement 
ha.s been made in shijrping gi'ain free fronulirt. but the 2 per cent, 
allowance of barley is sometimes exceeded. Soft wheats are largely 
groTO in India for export ; for local consumption hard wheats aie 
preferred. In the drier di.strict.s the durum varieties are cnltnuted, 
and a few hard winter wheats are to be found in the North. The 
substitution of sujierior tyiies of wlieat for the soft wheats iioiv 
gromi would not only moot the local demand, but also the remiire- 
inents of the export trade. The exjKirts of wheat from India, '.'-ihcli 
average less than 15 per cent, of the total production, are influonrul 
by the yield of other food crops, and in times of scarcity the ex])oib 
fall awav. Owli^g to the failure of the monsoon rains in 1918. nheet 
is being imported into India froin Australia. 

Betu'eeu 1909-13 the exjiorts of wlieat and flour avciageil 
1,349,000 tons of grain. The United Kingdom was the best market 
for the grain. ; Continental countries also drew supplies from b’.h'i. 
In 1913-14, 80,000 tons of flour were exported, principally to Bastein 
countries. The flour-milling industry in India is making g®oi! 
progress, but the bulk of the wheat consumed locally is conrerb'' 



THE FUTURE OP WlfEAT PRODUCTrON 339 

i,„<, 4«ur i„ fc primiti,, „.ji„ 

„„oi greater tl». ,, c.etomMy in Weete,,, e,„„.t„,.. Tl,e e„„ 
tioH of wlieaten flour in India is inoreasii'g 

Mesopotamia. This countir is one of mnu ■ r 
production. Before the -r wheat and 

ehipFd fr„.„ E«., The v„l,„„e ,h, , ,™“ 

,.l .t ™ earned „„ „eder great diffiealtiea. , 

„reo..atrnc.,„6 in, ,„rtenti„ig>t,«, verts 

«e areas „f 1„< ,„t, eeltivatie,,. Turti.l, ,„Ie, |„,„™ 

l„.le progress ha, l,ee,. i,r e„,.i„g - 

,.„rt,e„s of the loeal effieials g.ave little ene„„ra»e,„e„t to the il, 
...Itivators to erteed thei, h„ldi„g.,. s„„, ' 

„h„„„strat.o„, large area, J,av,,l,eo,|v I, ee„ l,„,„gl, 
t, 0,1 by the evlerisior, of hrigatio,, caeals. ,„.,1 „,,d„ , j,.,t 
salt, eater, are ..otv able to e,.,„y the Iroit, of their l.l„„ (■„ , 

....„cat,ons by road .,.,1 river have bee,, i, .. proved. B.,,.,, 

t»„f«,n,ed mto a„ „„-,„.d„e p,„,„pes h, „„„ 
tea,, ,mporte„t eentre of the eereal trade : it. ,,„.,ti„„ i„ „„„ 
hr ,ps of so,,., ,.„,,or,.,ree. as the s„,pl„.s erops 3,e.op' 

.,ntea..,eg.,»rdfo,I..di„evhe.,,he.,o,rs„o.,,.i,,s, 

British East 4 fritra. D„ri„g ,eo,„t ve„s tl,, criltivati™ 

Tlre'^X r l‘ '“'or' ““<1™''!. a„eee« 

T re Nas r. Grslrr, Plate.ao, coverirrg arr e.vterv.ive are. a . ' 
altrtrrde of from 0.000 to ;.00» feet, is ai, erefelleirt rvlrert ^ 

"• regard., both yiell and gnalitv ; the eo,„.trv i, fiat ai-d f,e', 

Kale "p,ori,““p '■"'h' “heat on a l.ng, 

irgtorvino nW faetors 

>l« should 7™'.'"" "ilh improred 

te»i r?? ”''? “ '-eg .,.,1 it sironld be 

No„b 1 ■ ° »" ” »e«le. 

'"Itivated hrLv?”°*'' fr’ the total aiea 

«ta, remain, u,e 8"'""'8 ''l»b b„t so long.,, 

IS tire Iiighlr remunerative cropi it i,s, tliere is very 
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little chaufie of extenrling wheat cultivation. During 1915 aiul 
1916, owirg to restrictions in the cultivation of cotton, the wheat 
area was extended and there was a surplus of grain for export. 
Under normal conditions, however, Egj’pt does not grow enoiinli 
cereals for her own requirements. 

Algeria and Tunis produce at present about 1,200,000 ton.': of 
wheat, of which Algeria exports about 150,000 tons. Hard duriiju 
wheats are largely grorni by the natives, and the yield per acre 
is very low. The French colonists m Algeria, who cultivate the 
ordinary French varieties of wheat, obtain very good returns. 

Wheat and barley are extensively groivn in Morocco, and 
before the war the wheat exports averaged about 30,000 tons. 
With the improvement in the position of the natives under a better 
government, more land will come under cultivation, and b}* the 
provision of roads and railwaj's opening up new districts, and reduc- 
ing the cost of transport to the ports, there should he a great advance 
in the export trade. There are numerous flour mills in Morocco, 
and also factories for malcii'g Italian pastes, for which the hard 
Moorish wheat is very suitable. 

Russia. Before the war wheat cultivation in Russia was 
making great progress, esiiecially in Little. Russia, and the regions 
of the Middle and Lower Volga, where the finest qualities of wheat 
are grown. In the Cancasns, Turkestan and Western Siberia 
the wheat areas were also being extended. Wheat exports had 
been advancing, and for the five pre-war years amounted or, an 
average to nearly 4,500,000 tons a year. The quantity exported 
varied greatly from year to year ; in 1908 it was as low as 1,500,000 
tons, and in 1910 it was over 6,000,000 -tons. Siberia has hitherto 
been little developed as a wheat-growing country ; in Eastern 
Siberia ry'c is groivn, and forms the chief food of the people. Tins 
country, with the neighbouring Chinese Province of Maneliurif'' 
contains vast tracts of land suitable for wheat. Owing to the 
upheaval in Russia and the utter disorganization of all means of 
transport, it cannot he expected that exports of cereals on a larg® 
scale will he renewed, even for some time after peace has hefi' 
restored. 
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United States. At the present time the United States is 
tlie greatest wheat-producing country in the world. The estimated 
production of wheat in 1919 is 1,300,000,000 bushels, or about 
34,800,000 tons, which represents more than one-fourth of the world ’s 
production of this cereal. The following statement shows the great 
advance made in the cultivation since the outbreak of the war ; 


Period 

i Average 
area 

Average 

production 

Average 
jidd per 
acre 


■ Aeres 

BuAhfk 


1891-1900 

: 43,100,000 

539,000.000 

13-0 

1900-09 

. . ' 46,678,000 

059,309,000 

UO 

1909-19 

, . i 47,068,000 

085,259,000 

U’5 

1914-n 

5.3,038,000 

799,320,000 

15’0 

1918 

.58,852,000 

917,000,000 

15 -5 

Estimated 1919 


1,300,000,000 



The Government encouraged farmers to grow wheat by various 
concessions and by fixing the price of wheat in advance of sowing ; 
for the 1919 crops the farmer was guaranteed S2-20 per bushel, 
which compares favourably with the average farm price of 87 cents 
per bushel obtained lietween 1909 and 1913. Prior to the outbreak 
of war exports had been declining : the average exports for the five 
pre-war years were 2,900,000 tons, whereas between 1900 and 
1902 they had averaged 5,790,000 tons. This decline was caused 
partly by the small annual increase in production, and also by the 
rapid increase in population, and by a considerable increase in per 
capita consumption. With increased production, and economy in 
consumption during the war, e.xpjorts have rapidly advanced and 
averaged 5,576,000 tons between 1914-17. The exportable surplus 
for 1919 is estimated at from 350,000,000 to 400,000,000 bushels, 
or rather less than one-third of the estimated production. Various 
kinds of wheat are growi in the United States. The hard spring 
^'heat, comprising about onc-third of the total production, is grown 
principally in Minnesota and the two Dakotas, and is of fine quality, 
similar to the wheat produced in the Middle Volga region of Eussia. 
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About two-thirds of the wheat is winter sown, and a very large 
proportion of this is raised in the Central Western States, of wliidi 
Kansas is the most important. The wheats grown m the Paeife 
and Western Intermontane districts are generally soft and stanhy. 
Much unimproved land suitable for wheat still remains, and tlie 
yield per acre, which is low, can be improved. The flour manu- 
facture of the United States is of great magnitude, and the flour 
e.xport trade much the largest in the world. Between 1903-07 
the exports of flour averaged 1,335,000 tons ; before the wav the 
average had fallen to about 1,000,000 tons, but during the war the 
average was nearly 1,500,000 tons. The United Kingdom is one of 
the principal customers for flour ; South American countries also draw 
their supplies largely from this source. During the war France and 
Italy had to indent extensively on the United States. 

' Argentina. Although at so early a date as 1686 wheat grown 
in La Plata was milled at the city of Cordoba, it was not until 1890 
that Argentina ceased to import both wheat and flour. In reoent 
years the production of wheat has increased to a remarkahle extent, 
as the following statement will show : 


Period 

: Area under 
' wheat 

Production 

Exports 


Acres 

Tom 

Tom 

1890-91 .. 

1,981,000 

790,000 

370,000 

1899-1900 

8,027,000 

2,.‘>87.000 

1,804,000 

1907-08 

14,227,000 

4,900,000 

3,400,000 

1909-13 .. 

1.7,785,000 

4,282,000 

j 2,586,000 

1914-17 . . 

17,804,000 

' .1, 900, 000 

! 


The principal type of wheat cnltivated is the semi-hard red gra'ii 
of Italian origin, which does not degenerate ; soft Freucli aiK 
Russian varieties, and also hard durum wheats for the local nia 
facture of macaroni are also grovm. In the colder southern veg™ 
a fine quality of hard winter wheat is now being cultuaO' 
The principal wheat areas are in the provinces of Buenos A} 1 7 
Cordoba, and Santa Fe, but it is probable that the wheat be t 
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tfiid gradually more south, aud that La Pamjia will eventually 
become the chief source of supply. The breaking up of large estates 
bas enabled the people to buy small farms, and has encouraged 
settlement on the land. The average yield of wheat per acre is 
small, as the crops are liable to damage from locusts and drought. 
With improved cultivation and abatement of the locust plague 
Argentina should be able to raise much larger crops. There are 
numerous flour mills in the country, and exports of flour have 
averaged about 120,000 tons, the bulk of which goe.s to Brazil. 

Brazil . Wheat was formerly grown in the three most .southern 
States, hut the cultivation was abandoned becan.se of the prevalence 
of rust. The advance in the material condition of tlie people of the 
country has resulted in a demand for wheaten Iweatl in place of bread 
made from raaiidioca flonr, and to meet this demand, flour and 
wheat have been largely imported from Argentina, for some years 
past the Government have given every assistance and encouragement 
to farmers to grow wheat, and good progress has been made in the 
southern States, where there are extensive areas of land suitable 
for wheat and also well provided with transport facilities. There 
appears to be every prospect that Brazil will be able to supply her 
own requirements in course of time, and also have an exportable 



THE GROWTH OF THE SUGARCANE.* 


BY 

C. A. BARBER, C.I.E., Sc.D., F.L.g. 

If 

In the last article the growth of the sugarcane plant was traced 
from the planting of the seed or set to the stage wlien tlie actual 
canes appear above ground. This emiwaces the first of two well 
defined periods of growth. The second jieriod covers the whole 
subsequent growth in the cairc field and consists essentially of the 
lengthening and ripening of the crop of canes. To recapitulate, 
the manner in which the main stem gives off leaves, branches and 
roots was described, together with tlie way in which each of these 
branches develops. A complex mass of shoots is thus formed 
underground, each of whicli sends up its leaves above the surface, 
for the purpose of obtaining fresh supplies of food from the air 
while, at the bases of the leaves, it gives off seric.s of ever tiiioker 
roots which penetrate the soil, and supply it with watery solutions 
of the salts needed for its further growth. In this growth, the 
parts, originally laid down in one plane, alter their relative positions 
according to their individual needs of space in the ground 
and in the air, and it was pointed out that many of them arc 
crushed out of existence in the process. The roots and leaves de- 
velop much more rapidly than tfie stem Ircariug them, and, who' 
the latter emerge from the ground, the leaves are already tlircc to 


* Reprinted from the tnf.erTiaiioml Svgar Journal, November, 1919. 
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four feet in length, and the plant is furnished with a mass of fibrous 
roots, penetrating deep into the soil. This, the first period of growth, 
i,i mainly subterranean, and lasts until the stems of different orders 
oi branching begin to appear between the bases of the lower leaves. 
The main points to be kept in view, in this period, are the upward 
increase in the thickness of the stems, the protrusion of buds from 
the leaf axils and the increasing length and thiclmess of the new 
sets of roots formed on successive joints. The new leaves, mean- 
time, become larger and broader at their base, soon completely 
encircle the joint till they overlap and enclose the younger parts 
in a set of enveloping sheaths. The length of successive joints 
also increase.? until all the growing parts are raised above the level 
(i[ the ground. 

The early stages of growth were traced both in cane seedlings 
and in plants grown from sets, and it will not be out of place here 
to refer to the reasons why the latter method of propagation is 
always adopted in sugarcane cultivation. While flowering is very 
common in the sugarcane, seedlings cannot be grown on an estate 
scale for several reasons. There are many kinds in which flowers 
are not found at all. In others, the flowers in the arrow are im- 
perfect or, even when apparently perfect, turn out to be sterile, 
■fgain, when good seed is found in abundance, it is so small that 
planting from seed would be a very difficult and tiresome operation 
on a plantation. The time taken between sowing and reaping, as 
ks already been pointed out, is much greater in the case of seed- 
sown plants than in tho.se grown from cutting.s. While a set will 
produce its bunch of canes in about 12 months, the pflant produced 
from seed needs more like 16 to 18 mouths lor it to reach maturity, 
•fs will be seen later, tire cane.s in a bunch vary a good deal among 
thoimelves, but this is much more prominent in canes grown from 
seed. An even field eaiuiot Ite e.xpccted from seed-grown canes, 
lastly it is only within recent yeare that it has become generally 
liwwuthat good canes can be raised from seed. Imf. even if it had not 

so, the vegetative method of jilauting would always have held, for 
fte following reason. Plants produced from .sets are exactly like their 
Wrents, and all the good and bad qualities of the variety are handed 
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down intact. The set is merely a piece of the parent plant cut 
ofl and given a prolonged existence. On the other hand, all seed- 
lings differ from their parents. Sometimes these differences are 
so small that they are immaterial, and this is the case with cereals 
and other plants cultivated for their seeds ; but, in the sugarcane 
potato, apple, mango, orange, the variations are so great that a 
large number of worthless plants appear if seed is sown. Tluis 
besides the lateness of the crop grown from sugarcane seed, it would 
consist of a heterogeneous mass of canes differing hi ripeness, sweet- 
ness, thickness, and every conceivable property. This subject lias 
been introduced here because the writer has, not mfrequentlr, 
been asked to send seeds of good cane varieties, raised on cane 
seedling experiment stations, for growth on a crop scale. 

The second period of growth consists, primarily, of the elonga- 
tion of the stems by the formation, hi rapid succession, of nnidi 
larger johits than those fomid underground, in other words, of tlie 
formation of canes. The two periods are much more pronounced 
in grasses or grain crops, and the growth m the second period i,<, 
in these eases, obviously for the purpose of lifting the flower into tie 
air, so that polluiation can be effected, and raising the fruit from 
the ground so that it can niature in the sun and be scattered alirotul, 
The wild sugarcanes arc still propagated by seed, and the ImHi 
has survived in the cultivated forms, although it is no longer neces- 
sary for them to be spread hr this way. An we have noted, many 
cultivated canes still form flowers and seeds, and this forni.itioii 
clo.ses the second period of growth. When the young cano arc 
detected between the lower leaf-sheaths, they have already readied 
about normal thickness, and practically nothing is added afteiwards 
in this direction. Further, no more branching or root fomiatioii 
is expected or desired. This is due, in the first place, to the absence 
of the forcing mfluence of the moist earth, and, in the .second, to 
the repressive influence of light, at any rate on root formation. 

Shooting and “ Booting therefore cease abruptly, and, altliougli 
the buds aud root-eyes continue to tre formed in each joint as usual, 
they lemaiu dormant or inactive. But it is because of tlicir pK' 
sence that it is possible to plant any cut piece of cane, witli ll*® 
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certainty that it will grow into a new plant 

together with moist earth, are present, both krri 

their way out and commence growii^. 

Branching and rooting of the aerial portion of tlw . i 
are undesirable from many points of view and it •'ii 

comrider the matter in some detail. They’ weaken tV 

s.g„ .„d, by , tJber^: r 

,i,it,'StalIlzaMe fonn deci»a» the ticlmcaa „( fi,. ■ t ‘“‘J*' 
r: 0 . a healthy heh, etop eh.eM he . 

shoots and masses of roots and if Jareraj 

my means at hand to check the’ir dei-elopm^!r'’ir 

Se* *te the t» e*eta the 

,e (h.d, te.„„g them that the bad. a,e eh.oth.g a„d the 

.„te pthutg. Ih. ,„„.lmmedy ter .hi, t, 

, eg leave, at mtevale. Thi, " ,«hmg • „ " 

kl). dene m eertam tract,, .„d ,.„i ,, 

h.„. L, herth Bengal, ter i.,„a,,ee, Inching i, .j, ~ 

.. c ea,y at er atoppn.g the earn,, a, ha,v,„, t„ nLk the eji 
points m the formation of the cane, when the rains set in „ i T 
they ceased to Hood the land. About half-wav i^ 

I— hear pretrnd.ng bnd, ,„a«,ef enimpled reel,. A 
he* a., not precent above or iKhov. It .e.ceordingly ,egg„ted 
1. , at the onthnrvl „t the mo.ceon, . thorongh tra L ,h, dd 
he .« , .0 .*e .1 tin, l„„ energy ran he pLentel* 
lUen cane, tall de„-„ and lie „„ g,,,„„.p 

|.lmt o ZT "rT * »“““ »" '>»ion.t, oi the fallen 

S ihe m It “ »' lisW ami the eontaet 

a mi , (e canes, in reeevei hig then' noimal position 

« » '"'T “v ’ ‘“‘""'"r ““'i 

yog them roughly tegether. 1-rebaUy the latter method 
'ul ,f*‘ development in the Godavari distiiet ol the 
- A 1 Pms'deney, where abmalan, nrigat,.. and riel, soil, coupled 

(Hate Xvu ZlZr ““ ■“'8ht 

> S- )■ in one case a Held was observed by the rater 
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in this locality, with an average height of twenty-five feeu. as this 
part of India is liable to be visited by violent ^clonio stonns during 
the growing season (Plate XVII, fig. 2) a series of “ wrappings ” have 
been introduced, and form an important part of the pane cultiva- 
tion. Several of the older, but still firmly adhering, leaves of the 
cane are twisted to form a band, with which it is tied to,- its neigh- 
bours, while still quite small ; and the whole field is treated in this 
way (Plate XVIII, figs. 1 and 2). In a w^ell grown field as many as seven 
successive wrappings are done, and the last two or three are perfoini- 
cd from the top of immense three-legged stools; the operation 
costing a great deal then, because of its comparative slowness. 
But this is not all. The bunches of cane shoots thus brought 
together are fastened to upright bamboos sunk in the ground, and 
these are of three sizes. At first thin bamboos support the canes 
of a single bush; later on, laiger and thicker ones bring several 
bushes together, and, lastly, tall, thick bamboos complete the work 
and unite several of the fuD grown clumps together. The bamboos, 
especially the large ones, last for several years and are carefully 
stacked at harvest time ; but it wifi be readily understood that the 
practice, as a whole, is a very expensive one. The following notes 
were compiled at the Samalkota Sugar Cane Fann. The wrappings 
in a fairly good crop may be put down as costing Es. 37-12-0 per acre, 
The bamboos, which are floated down the Godavari Eiver in rafts 
from the hills, will cost Ks. 100 pr acre in a freshly started planta- 
tion, and, after that, an annual charge of Ks. 26 should cover the cost 
of replacements. After three or four years, the old bamboos may be 
sold for odd fencing, etc., at from Ks. 6 to Ks. 8 pr acre per annum. 
There is thus a recurring charge for bamboos of about Ks. 20 per acre 
pr atmum. 

Shooting of the cane, often accompanied by rooting, is met with 
when there is any sudden check in growth. This check may be due 
to accidental injuries, the attack of insect psts or other causes, 
and, if arrows are formed, the upward growth of the cane ceases. 
In these cases, the roots and leaves still actively growing and sendii'^l 
up masses of formative material, the stream of nutriment is sufficient 
to force the buds to activity and they shoot out and form bunches of 
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green leaW. As flowering often takes place before reaping, this is 
difficult to check. The cutting of the young anows makes little or no 
difference, anfl the formation of seed is of far leas detriment to the crop 
than the ’’shooting of the buds. Many of the new seedhngs flower 
profusely, which is not to be wondered at when we remember that 
tliey arise of necessity from freely flowerii'g parents. But the matter 
should receive some attention, and, when possible, such new varieties 
should be introduced as have a minimum of this habit. When 
flowering commences, all growth in length ceases in the sugar-forming 
joitits, and thus the weight of cane pr acre is reduced ; hut it does 
not appar that flowering is of itself detrimental to the richness of 
the juice, because, as the results ol many analyses, it has been found 
that at harvest canes that have arrowed frequently show a richer juice 
than those that have not. 

When all is said and done, the best way in which to rid one’s self 
of undesirable characteristics in plants is by the .selection and growth 
of varieties which prove themselves to be free from them in the locality 
concerned. We have now reached the stage of fighting diseases in 
crops by indirect methods. The serA in Java wiis mastered by abolish- 
ing ratoons, raising planting material in separate hill nurseries, but 
chiefly by the introduction of new kinds of eai-.e ; and most faults in 
the canes can be conrbated by a similar trial of new varieties, coupled 
with good cultivation and .speial attention to dtainage—in other words, 
in giving the newly introduced canes every chance of normal, healthy 
growth. And the matters of shooting and rooting and the lodging 
which encourages them should be approached in the same manner, 
Some varieties shoot arid root much more than others, and the extent 
to which they do so varies greatly in different places. Many new 
seedlings with excellent proprties of yield and juice arc liable to fall, 
and show this tendency more in some climates and soils. A cane 
which will stand erect in a stiff, clayey soil, will, for instance, fall all 
over the place in light alluvium ; and this accounts for the extraordi- 
nary favour extended to White Taiimi in the light soils of Bengal. The 
most interesting ease met with by the writer was that of a seedling, 
raised in the Coimbatore sugarcane station, which produced a tufted 
bush of shoots with two or three long canes emerging therefrom. 
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These canes never rose from the ground, but crept along its surface. 
One of them was f oimd winding in and out like a snake among the 
neighbommg seedhngs, and, upon being extricated, measured twenty 
feet in length. 



HEl'OKT 01’ THE LIM.'OLN TKiAI^K." 

The Report of the Tractor Trials held under the auspices of 
the Society of Motor Manufacturers and Traders, during tlie iiumth 
of September 1919, is at last ])tihlislied. It is ratlier an imposing 
publication, perliaps it is fairer to say that in importance it compares 
well with the event winch it concludes. I u.se the word “ con- 
cludes ” advisedly, .since, as was widely advertised prior to the 
trials, they were not complete, nor was their purjrose served in its 
entirety, until the observations of the interested .spectators were 
supplemented by the advice of the exjjerts who were appointed 
judges and technical advisers. Rroperly to have fulfilled its pur- 
pose, there can be no dein'ing tliat it should have been issued 
within, at the most, a few week.s of the conclusion of the trials, 
However, this nrucli can at least be .said : the compilers have done 
their work well, and the R(‘port is worth waiting for. 

It Is eonvciriently dirided into lour sections. The first part 
gives the regulations and conditions governing the trials ; it is 
concluded by a map of the ground. The .second portion gires the 
report of the tecludeal adviser and includes a number of useful 
tables. The third part is also the work of the techuiciil ad\'i.ser ; 
it embodies teclmioal dcscription.s of each and er ery tractor, each 
de.seription being accompanied by an illustration of the machine 
to which the text refers, as well as a reproductioJi ol the chart 
which graphically .show.? the tractor's India viour during the dynamo- 
meter test of its drawbar capacity. The fourth part contaims 
the judge,s’ report of the tractors and implements. There are, in 
addition, some snpjilemenlary illustrations, showhig the types of 
dynamometer used, and the form of interchangeable rim used by 
the Garner tractor. Tlie Report oeeupie.s in all just one hundred 

* Hejiroduceil from Vounhii Uf<, dated ITiii January, 11)20. 

( ) 
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pages, of which it may be said that a single one omitted would have 
been missed. 

Technical adviser's the lion’s share. 

The technical adviser, Mr. G. W. 'Watson, appears to have been 
responsible for the lion’s share of the work. His Report is sum- 
marized under ten heads; (1) Drawbar dynamometer tests, (2) 
Ploughing resistance dynamometer tests, (3) Ploughing heavy kml, 
(4) Ploughing cliff land, (5) Haulage test.s, (6) Threshing tests, (') 
Mechanical construction, (8) Safety of operation, (9) Results of test 
on oil, (10) Brief descriptions of each make and type of tractor 

viiSaged. 

With the method of carrying out the dynamometer tests, 1 
do not propose to deal. I described it at some length a short time 
,- 0 . The important results are tabulated, in company with e.ssei.- 
tial technical data regarding each tractor, in Table I, which also 
contains much useful iniormation directly obtained as a result of 
the drawbar tests. Perhaps that column which will make the 
most direct appeal is the one in which the capital cost per 100 lb. 
of drawbar pull is given for each tractor. The actual horse poivcr 
available at the drawbar, when the tractor is travelling at its normal 
speed, is calculated and tabulated, as is also a figure for the •• efli- 
cienev- of adhesion " of the machine. The last named is obtained 
by proportioning the drawbar pull tothe weight of the tractor. Its 
value, as ilr. Watsou points out, lies rather in the indication which 
it ghis of the efficacy of the type of spud em])loyed. No infm- 
mation, unfortunately, is vonclisafed as to the type of spuds actually 
used by each tractor during the trials, .so that the miormation will 
be of direct use to the individual manufacturer only, although 
the user will, of course, reap the benefit ultimately. 

Ploughing re.sistance. 

It was a novel and souird idea to ascertain the ploughing rCi'i, 
taiice of every field in which trials were held. Mr. Watson states 
that it was his intention to go further than this, and test each in ' 
vidual type of plough, from which bold venture he was preveute 
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by the difficult transport conditions then prevailing. For strictlv 
accurate results such tests are perhaps ncfe,s,sary. At the same 
time the labour involved would be considerable, as I doubt whether 
it would be .sufficient to make comparative tests in oiu‘ cla.ss of soil 
only, and to test each type of plough in each cla.ss of soil would be 
work for an army of technical advisers, even of sucli a.s ilfr. AVatson 
evidently is. The results of these te.sts are given, in conjunction 
with other data relating to the performances of the tractors in the 
fields concerned. That i.s to say, the plonghing resistance of the 
hearty land is tabulated with the figure.s which give the iDerfor- 
mance of the machine in that land (Table 11), while tho,se obtained 
from the light land are similarly collated with the data in connec- 
tion with the work performed there. In the heavy land, the soil is, 
with two exceptions, clas.sed as heavy clay, and the resistance, 
apart from the two exceptions named, varies from 10 90 lb. to 
12'30 lb. per square inch of the sectional area of the furrows cut. 
That is to say, for a furrow 10 in. wide by 5 in. deep, the resistance 
would vary from fifty timc.s lO'OO lb. to lift}- times 12’30 lb., namely, 
595 lb. to 015 lb. The difference in the nature of the .soils worked 
on the second day of the tifals is much greater than this. They 
vary from light loam through medium to heavy loam, and the 
ploughing resistance from 7-91 lb. to 11-40 lb. per square inch, so 
that a plough cutting a furrow 10 im wide hv 5 in. deep might cull 
for an effort of anything between 395 11). and 570 lb. 

Other figures of intcr'est in the.se two table.s (II and AT) refer 
to the delays which occurred to the tractors during the day. The 
stoppages were remarkabh' few. Lengthy stop.s only occurred in 
connection with the ploughs. Arcchanical troubles of any conse- 
quence occurred wily in respect of two tractors, and apart from 
fhe.se the maximum time lo.«t by anv' tractor was thirteen minute, s. 

Acres per hour. 

Most of the important data have been separated from Tables 11 

VI, and are repeated in .smaller tables, of which III. lA’ and A’ 
give the ploughing capacity of the tractors in acres per hour, the 
fuel cost per acre, and the fuel cost pau- hundred pounds of drawbar 
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pull respectively wliile operating in the heavy soil. Tables VII, VllJ 
and IX give corresponding figures lor the work performed iu 
the light land. On account ol their simplicity, I do not doubt 
that these table, s will make the most direct appeal to the lay reader, 
particularly as the information which they give answers so aptly 
the questions which the farmer naturally asks when he is endea- 
vouring to discover the type of tractor most suited to his needs, 
The figures will no doubt surprise many. In no case, for example, on 
the heavy land does any tractor accomplish the “ even time " oi 
tractor working ploughing “ an acre an hour.” The nearest ap- 
proach is made by the Fiat, which turned over an average of 0'87 
or nearly seven-eighths of an acre per hour. On the light land 
one tractor exceeded the average of an acre per hour. The tractor 
concerned was, however, the only steam-engined machine present. 
Of internal combustion engmed machines the Fiat again showed 
to best advantage, accomplishing 0'93 acre per hour. Twenty- 
three out of thirty-four tractors averaged more than half an acie 
an hour on heavy land, and all but five of the thirty-seven whicli 
demonstrated on the light land exceeded that amount. The average 
of all the tractors on the heavy land was 0’578 acre per hour, and 
on the light land 0'653 acre per hour. 

Fuel costs. 

In regard! to cost of fuel per acre most divergent results are 
recorded. Certain machines used petrol throughout, and therefore 
show to considerable disadvantage on the fuel account, even they 
may have the advantage of the others in other directions. Apart 
from these, however, the difference between best and worst is 
almost 200 per cent, in excess of the former. On the heaiy laml, 
for instance, whereas the Blackstone Track-layer ploughed an acre 
at a cost of 3s. for fuel; and tops the list on that account, the Illinoi!' 
used parafSn costing 8s. lid. while doing the same work. It is onl; 
fair to point out that the latter machine was cutting soil a little 
stiller than that which fell to the portion of the Blackstone, aiifl 
moreover, ploughing to a depth of 6 in. as against the Blackstone s 
5 in. An even greater discrepancy is observable between tkf 
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performance of the paraffin users on the light land . While the Fiat, 
which ^ain heads the list, cuts an acre for Ss. 5d. tlve corresponding 
figure for t e Pick is 8s. 4d. and in this ease, alfcliough the Pick was 
cutting half an inch deeper than the Fiat, the soil which it was 
workii^was considerably lighter in texture than was the ease with 
the least expensive worker. Some of the difference may be due to 
variation in plough draught, although there is no evidence either 
for or against this assumption. In any event, he would be a bold 
inan who would assert that any one plough could be 200 per cent, 
more difficult to haul than the lightest draught implement made. 
The average cost of fuel per acre on the heavy laud, considej'ing 
paraffin-burning tractors only, was 5s. l|d., and on the light land 
4s. 2id. 

Fuel cost in relation to drawbar effort, 

I was at first somewhat puzzled and I anticipate that maiiy 
readers of tlie Eeport will be similarly at a loss to understand the 
object in publishing Tables V and IX, which give the cost per 
hundred pounds of drawbar pull per acre ploughed. After con- 
sideration I have come to the conclusion that the object is that of 
correcting the previous tables which give the cost per acre, in which 
tables the incidence of drawbar pull, or depth ploughed, is not 
taken into account. Thus in the hearw land the Blackstone Track- 
laying tractor costs least of any for fuel per acre ploughed, but 
when the pull exerted is taken into account it is beaten by the 
Clayton and the Overtime, both of which pulled four-furrow 
ploughs as against the Blackstone 's three. However, since the soils 
worked by the three tractons wore pretty much the same in all cases 
and the depth of ploughing the same too, it would ap})ear that the 
smaller machine is really the more economical after all. The 
evidence, however, is not conclusive. 

Hauling and threshing. 

All the machines which demonstrated their ploughing capacity 
^ere not entered for the hauling and threshing. As a matter of 
iact, only eleven took part in the hauling te.st and thirteen in the 
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threshing trials. The results were generally satisfactory but figures 
showing the comparative performances of the tractors are not given 
for reasons which are explained in the Eeport. The outstanding 
lesson of the haulage test was the superiority of rubber tyres, 
Every machine fitted with rubber tyres made the ascent of the 
somewhat steep hill successfully. Of the steel-tyred tractors only 
the heavy weights, which the judges state are too heavy to be 
suitable for tillage operations, were able to perform satisfactorily, 
That the tractors all came tlirough the threshing test without trouble 
only goes to confirm what I have pointed out in these columns, that 
given a tractor engine which is in good condition, and provided 
that the corn is fed judiciously, there is hardly a tractor on the 
market which is not capable of driving a full-sized thresher. It is 
when the machine has to be hauled from place to place that trouble 
commences, the .standard types of thresher weighing five tons, . 

Mechanical construction. 

As regards the mechanical construction of the tractors, the 
Report is a favourable one. One or two exceptions to this general 
rule are mentioned, and the technical adviser’s opmion as regards 
safety of operation is also favourable, except as regards two machines, 

• No special results seem to have accrued from the tests of the used 
engine oil ; whatever there are seem to be negative. Probably the 
truth is that the trials were not of sufficient length to affect the oil 
one way or the other. 

i Descriptions : the dynamometer charts. 

With the descriptions of the tractors we do not need to concern 
ourselves here. Each is follow'ed by a brief specification of the 
machine, the data therein contained being largely the same as 
that which is tabulated in Table I, unth additions. The dynamo- 
meter chart for each machine concludes each description. 

.Tudges’ report. 

The judges have been outspoken, but somewhat brief- hVt 
a few manufacturers will find themselves disagreeing very strongl) 
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ffitli the opinions expressed, which in a way is as it should be. At 
the same time, there will be many, I anticipate, who will complain, 
with some show of justice, that the judges have not been sufficiently 
e^iilicit. It hardly seems fair, for example, to .say, as occurs in the 

Report of one machine, that “Its performance was not 

satisfactory,” without amplifying the statement by indicating the 
direction wherein lay the fault. Heading through the Report, it 
becomes apparent that the authors are of the opinion that the limit 
of tractor weight for satisfactory use on the soil, except when the 
weather is particularly favourable, is 2 tons 10 cwt.s. With that 
opinion there will be few to disagree. On the other hand they 
appear to think that the heavier machines arc well adapted for 
haulage on the road, and the farmer who wishes for a general pur- 
pose machine will have to decide for himself as to how far he can 
reconcile these conflicting conditions. Where a machine is con- 
sidered as a hauling engine, the tendency appears to have been to 
condemn it if it is not projierly equipped with a double set of brakes 
and springs. The judges, too, have set their faces against any 
tractor which, in preparation for threshing, has to be reversed into 
po.sitioii ; in several cases they state ; It is inconvenient to set in 
position on account of the fact that it must be placed with its rear 
wheels towards the thresher.” They are equally intolerant of the 
tractor which has to be sot transversely to the belt drive. 

The Report. 

The Report is available to the general public, and I am asked 
to state that all enquiries concerning it should be addressed to the 
Tractor Trial Organizer, the Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall. London, S. AV. 1. Its price is 3s. post 
free and remittances must accompany orders. 


8 




MOTOR TRACTOR TRIALS AT NAGPUR, 

A VERY interesting “ meet ” was keld at Nagpur during the 
week beginning on the 16tli February, 1920, for the purpose oi 
testing motor tractors. Of the tractors wliicli were expected to 
compete only five were present. These were as follows : — 


F. I. A. T. 



Saki 

K //. r. 

25 

Weight 
6,000 lb. 

Lauson 



25 

6,500 „ 

Austin 


. . 

25 

2,900 „ 

Fordson 



22 

2,600 „ 

Cleveland 



21 

3,000 „ 


Though the numbers were few yet the iirterest of these trials 
lies in the fact that it is the first tinre that tractors have been tried 
in black cotton soil. These black cotton soils dry and crack- 
very deeply and, when cultivated, turn up in big concrete-like 
blocks. Under these conditions a light machine, travelling partly 
on the land and partly in the furro-ft', is completely at sea, however 
useful such light machines have proved themselves in other ]).Mt5 
of India. 

The F. I. A. T, with a drawbar adjustment, which enables 
the tractor to work on the land while having sufficient power and 
weight to stand the consequent side pull, was quite capable of 
tackling any class of land put before it. 

Neither the drivers nor the implements -vr’cre up to the standard 
of the tractors. The former obviously lacked the experience whicli 
will come with time. In some cases drivers did not lift their ploughs 
at the headlands and thus put a strain on the plough beams which 
no implement is designed to stand. 

( 348 ) 



NOTES 


349 


Tie implements were all of the self -lift tvw p-v 

liave made much better work the eyf/. ' Plowglis 

lit* ,,,omenl comped to tfc letolling adva„ri"'''°’''"' “ 
hone of the tractors had anv 

ffeek in spite of the severe strain ijivolved ami tlir'^.^'^ 

.1 tl» atodard of mecLanio.l porf,cti„„ ' odli ,,X!r°' 

now attained. lactoib have 

The Agricultural Department of the Central P ■ 
to toogratobtod o„ the oocce.to of the do„.„oto.fir'"C 
ftastoD, Allon, Plym.1, md the oft,, 

With the numerous visitors ivho ivere enrolled ' i ^ 
vers, had a very arduous week. 

It is obvious, however, that with some 5.^60 makes of tractors 
presently on the market, trials of a more extent, " 
required. Trials for all India are needed and'from tl ''f 
vided by them the various provinces will be able to Ik: 

to their special requirements. [G. S. Henderson,] ^ 


♦ 

♦ ♦ 


CATTLE SALE AND DEMONSTRATION AT PUSA. 

A Public Auction of surplus cattle from the pedigree dairv 
erd was Md at Pusa on the 17th March, 1020, These .^ale^ 
rs started m 1917, have created a considerable amount of interest 

.fit »tti 1! A ' '“"f"' •’"*“««'« »> tkpottibiiifc 

ttotl ™“<lermg th, chaiattor .f tbe «„,i 

tie following prices were obtained. 


Montgomery bull-calves 

Cross-bred bull-calves, Monlgomery cow x Ayrshire 
Montgomery cow.s 

Total 


E:«. A. P. 

1 ,525 0 U 

705 0 0 
1,200 0 u 

35 3,490 0 0 


XowTlo November and, among other 

0 expeted to be exposed. 

'mpleniptif ^ preceding the sale a demonstration on tractor 

Was held. Both sale and demonstration were well 
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attended. A representative gathering of planters was present 
and general opinion testified to the enormous importance that the 
tractor movement foreshadows to India. [6. S. Henderson.] 

* 

THE USE OF SOME SALT WATER PLANTS AS FODDER. 

There are a number of plants the use of which as fodder is 
well known to the cultivators in one tract, but is altogether unknown 
in another. This may be due to the fact that good nutritious fodder 
may be scarce in the first and ample in the other. The poverty of 
the agricultural areas in the Katnagiri district has taught its people 
to put to use every bit of available land for agricultural purposes, 
and when it is not possible to make such use of it, an attempt is 
made to employ such plants as may be naturally growing on poor 
land for some economic purpose. In that district fodder-growing 
areas are poor and limited. The cultivators therefore have to fall 
back upon such plants as can naturally grow on the poorest of soil 
and can take care of themselves. In the tidal rivers and creeks 
along the west coast also, there are immense areas which are iiatii- 
rally covered with several kinds of mangroves, and with grasses 
and holly-like shrubs. The people of the Katnagiri district have 
learnt long ago the use of these plants as fodder. These plants 
grow in salt water and naturally contain a considerable quantity of 
salt. They are, nevertheless, fed, even in normal years, as green 
fodder to milch cattle and if possible to work animals also. 

The holly-like Marandi (AcaiUhus ilicijoUiis) is a spir.y plant 
about three to four feet in height. It is erect and unbranclied. Its 
leaves resemble, those of holly (Ikx) from which it derives its specific 
name. The plant is generally cut before it flowers and chopped 
up into small bits of three inches long. They are then beaten 
with a strong rod so that all the spines are completely broken domi. 
This is the only precaution that is to be taken in preparing the 
stuff for feeding. For one animal a man can prepare the stuh, 
ready for feeding, in half an hour. In the beginning a small quantit) 
of Ihusa or cotton seed or any other similar food may be added 
to the feed before giving it to cattle. About twelve to 
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ooi 

pomids per day can be given to an animal which , 

about a couple of days. When the animal is ^ 
the hhusa and cotton seed may be disno,,..] 
nature of the plant need not deter one from uliiig h' tl 
not at all dangerous as in the case of the pricldv , ’ 
boys can be readily trained to prepare fodder 

The (Av^^nn^a officimlu) i« ^ large spineless sbr 1 . 

covers large areas in the creeks. This nlant r i ^ 

tiuguished from other mangroves by its peculiar Zt " r f 
in large numbers above the surface of the mud Er " T ' 
plant may be cut and fed to cattle. 

The lam {Mnropus viUosm) is a small grass abmu f , 
to fifteen inches long and grows in salt water mil ' Thi ' 7 
pulled out of tile mud with its roots. It is first 1 

"* ” “ “» i« «i its mud „d ,4 ” “i,;:',; 

water to remove every trace of mud. It is inimedift t 
c.ttt-f«tdr.bly ndlch o.ltS, Al»„t ,o., ^^1'° 

given to every animal. There is howex-m. « u u i ^ 
this grass available in the tidal creeks. quantity of 

Tk first two plants are vsiy comim,, ^ 

.1 fc west coast of It.dk. They are apparentlv oevet atiiLd 
tattle .™,s of the Kol.ba, Tl,.,.. a,., tkret districts. They are 
.to* recomreended to „se these pla.da “1“ 

* ..,d th.,s recrease the supply «f ,o,M„. (h.^ j-aLi”;"'" 

*** 

experiments with peanuts in MESOPOTAMIA. 

tao/j” ”‘"f »< “ .■.sporhae.d tvhiel, has bee,. 

• ued out at Wldpth, on the river K„|,l„.„tes, about tlnrty-eight 

I «» “ 

tl oil-s '“** agriculture it tile scareity 

oil tbe crojis grown in the comitrv. Practically no 

111 S the exception of a little se.^mumn and linseed. 

India r countries oil-seeds arc quite commercial crops. 

- or instance, has its linseed, cotton-seed, coconut, gingdly, 
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rape-seed, sesamum aud peanuts, while Egypt has its cotton and sesa- 
mum and China its soy-beans. Considerable interest, therefore, is 
attached to an experiment with peanuts carried out at the Fellujah 
gardens. The plot was only a small one, about one-tenth of an 
acre being sown. The crop was sown in June aud lifted in Xov- 
ember. The person in charge of the garden had no experience of 
this crop, and sowed somewhat too thickly and overwatereii, yet 
the crop, when first lifted, gave ‘2,560 lb. of nuts, which, when dried, 
gave 1,800 lb. per acre. Peanuts are already in considerable 
demand in the country, large quantities being imported from India, 
At present the nut is consumed in a parched state or is used for 
making sweetmeats. Later on, when the production exceeds this 
local demand, the surplus will find a ready export as an oil- 
seed. The variety grown at Fellujah is a tight-hmsked variety, 
with a very attractive bright-red skin, known as the small Japaiie,se. 
It was not known in Jlesopotamia before, and local niercliants 
who have seen samples have been much interested. It lias the 
advantage of being quick growing, requiring comparadvely little 
water, and being easy to dig. Demonstration plots at various centres 
were to be arranged for this year by the Agricultural Department, 
and it should be possible to establish this crop on a commermal .scale 
ill a short time. [Journal oj the Royal Society of Arts, dated kb. li, 
1920.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 

WOODHOU3E-SOUTHERN MEMORIAL EUSD. 

This fund is now closed. The total amount of the fund is 
^ 3 . 2,578-4-0 (including Rs. 24-2-0 interest allowed by the Bank 
aid deducting Rs. 7-14 discount on cheques). Rs. 317 was 
ipcciatly contributed by .subscribers for the memorial to 
ilr. Southern and Rs. 180 for that to Mr. Woodhouse. The final 
illotinent, therefore, is 

Ks. 1 , 

Woodliouse Memorial . . . • t-r’O lu U 

Southern Memorial .. .. W 0 

It is proposed to send Rs. 1,200 to the Government of Bihar 
and Orissa and Rs. 1,300 to the Government of the Punjab for the 
purpose of endowing a Memorial Prize in the Provincial Agricultural 
College. The balance of Rs. 78-4 uill be expended on enlarged 
photographs of the deceased officers to be hung in the Council Room 
of the Agricultural Research Institute at Pusa. 


J. Mackenna, 

nd March, 1020. AyricitUnml Admscr to the ^ 

Ooceriment of India, 


{ ) 
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The Hon’ble Sir Claude Hamilton Archer Hill, K.C.S.I., 
C.I.E., has resigned his office as an Ordinary Member of the Conncil 
of the Governor General of India, in charge of the Department of 

Revenue and Agriculture, with effect from the 11th April, 1920. 

* 

* % 

The Hon’ble Sir Thomas Henry Holland, K.C.S.I., K.C.I.E., 
has been appointed to be a Temporary Member of the Council of 
the Governor General of India in the vacancy caused by the resig- 
nation of the Hon’ble Sir Claude Hamilton Archer Hill, K.C.S.I., 
C.LE. 

* * 

The Hon’ble Me. R. A. Mant, C.S.L, LC.S., Secretary to the 
Government of India in the Department of Revenue and Agriculture, 
has been granted privilege leave for three months with eficct from 
the 27th March, 1920. He reverts to the Punjab on the expiry of 

the leave. ^ 

* * 

Me. J. Hullah, I.C'.S., has been appointed to officiate as 
Secretary to the Government of India in the Department of Revemie 

and Agriculture, with effect from the 27th March, 1920. 

* 

* ^ 

The services of Mr. J. Mackenna, M.A., C.I.E., l.C.S,, 
Agricultural Adviser to the Government of India and Director of 
the Agricultural Research Institute, Pusa, are replaced at the 
disposal of the Government of Burma, with efiect from tire 
afternoon of the 30th April, 1920. 

Mr E. M. Howlett, B.A., F.E.S., Imperial Pathological 
Entomologist, is appointed to the charge of the office of the Forest 
Zoologist at the Forest Research Institute and College, Dehra Dm, 
in addition to his own duties, with eficct from the 7th February, 

1920. 

* * 

Me. C. M. Hutchinson, B.A., M.A.E.B., Imperial Agricultural 
Bacteriologist, has been granted combined leave for eighteen montlif, 
with efiect from the 10th April, 1920. 
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Me. J. H. Walton, B.A., B.Sc., Assistant Agricultural 
Uactcriologist, has been appointed to officiate as Imperial 
Agricultural Bacteriologist during the absence of Mr. Hutchinson on 
leave. 

♦ 

* iti 

Dr. W. H. Hareison, D.Sc., Imperial Agricultural Chemist, 
lias been granted combined leave ior eighteen months with effect 
from the 16th April, 1920, or any subsequent date from which he 
may avail himself of it. 

* 

% -a 

We offer our hearty congratulations to Mr. H, E. Annett 
Agricultural Chemist, Bengal, who has been awarded the degree of 
D.Sc, by London University in recognition of his work of alkaloid.?. 

* 

* * 

Colonel A. Smith, F.R.C.V.S., Principal, Bengal Veterinary 
College, has been granted combined leave for six months from 
the 25tb March, 1920. 

♦ 

* * 

Mr. P. J. Kerr, M.R.C.V.S., I.C.V.D.; Superintendent, Civi] 
Veterinary Department, Bengal, on return from leave, is appointed 
temporarily, with effect from the 26th March, 1920, to the post of 
Second Imperial Officer, Bengal Veterinary College, and to act as 
Principal of that College during the absence, on leave, of Colonel 
A. Smith. 

* 

* * 

Me. D. Quinlan, Superintendent, Civil Veteriimry Department, 
Bihar and Orissa, was on privilege leave for a fortnight with effect 
from the 2oth February, 1920. 

* 

* * 

Me. P. B. Riley, M.R.C.A'.S., has been apjiointcd to the Indian 
Civil Veterirnry Department, with effect from the 21st JIarcL, 
1820, and has been posted to Bihar and Oi’issa as Second 
Superintendent, Civil Vetcrinaiy Department, 

♦ 

* * 

Colonel J. Farmer, C.I.E., F.R.C.V.S., Chief Superinten- 
dent, Civil Veterinary Department, Punjab, has been granted 
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coiEbiued leave for eight months with effect from the 20tb February^ 
1920. 

* 

* * 

Me. T. F. Quirkb, M.K.C.V.S., has been confirmed in the 
Indian Civil Veterinary Department, with effect from the Sth 
February, 1920, and has been placed on special duty in the oflice 
of the Chief Superintendent, Civil Veterinary Department, Punjab, 

* 

* 

The Univemity of Bombay has conferred the degree of M.Ag. 
on Mr. G. S, Kulkarni, Acting ^Wistant Professor of Mycology, 
Agricultural College, Poona. 

¥ 

♦ * 

The Hon’blb Diwan Bahadur L. D. Swamikannd Pillai, 
Avargal, LS.O,, is appointed to act a.s Director of Agriculture, 
Madras. 

Mr. R. Cecil Wood, M.A., from date of relief of his appoint- 
ment as acting Director of Agriculture, is appointed to act as 
Deputy Director of Agriculture, Livestock, Madras. 

♦ 

* ♦ 

R.ai Bahadur K, Ranga Acharyar, Avargal, GoverniMiit 
Lecturing and Systematic Botanist, Coimbatore, has been on 
privilege leave for two mouths from the 22ud xMarch, 1920. 

* 

* * 

Mr. G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, has been granted an extension of leave for two 
months. 

% ♦ 

Mr. C. W. Wilson, M.R.C.V.S., Superintendent, Civil Veteri- 
nary Department, Central Provinces, has been granted combined 
leave for eight months from the 19th March, 1920. 

♦ 

* * 

Mr, W. N. Harvey, Deputy Director of Agiicultuie, Nortlieffi- 
Eastern Circle, Gorakhpur, has beeu granted combined leave for 
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eight mouths and eight days with effect from the 15th March, 
1920. 

« * 

Mr. a, McCracken, I.C.S., Burma, has been appointed iVssis- 
laut Kice Commissiouer, Kangooii, from the 12th February, 1920. 

* 

* * 

Captain T. D. Stock, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agilcultmal Service and 
who has been posted to Burma to fill the post of Economic Botanist 
in the local Department of Agriculture, reported his arrival at 
Rangoon on the forenoon of the 24th December, 1919. 

* 

* * 

Mb. D. F. Ch.vlmers, I.C.S., Director of Agriculture, Burma, 
has been granted privilege leave for six months with effect from 
the date on which be may avail himself of it. 

Mr. C. R. B. Cooper, I.C.S., Officiating Registrar, Co-operative 
Societies Department, Burma, is placed in charge of the Office of 
Director of Agriculture, Burma, in addition to his owi duties, 
in place of Mr. D. F. Chalmers proceeding on leave. 





Les Amendas et 1 ’ Huiie de Palme (Palm Kernels and Palm Oil.'— Bv 

E. Baillaud and A. Stieltjes. Institnt Colonial de Marseille ■ 

i920. 

This volume is chiefly an analysis oi the evidence given before 
the British Committee on Edible and Oil-producing Nuts ard 
Seeds, which, reported to Parliament in June 1916. It contains 
much that is of interest to India, especially in view of the discussion 
on the conservation of oil-cakes in the country which took place at 
the recent meeting of the Board of Agriculture at Pusa. 

The oil-producii'.g mit and seed industry is one which was 
greatly influenced by the war, ai’.d the authors consider that England 
alone of the countries engaged has been able to profit by dcvelopirg 
its market for edible oils. Tbe major part of this development 
has been concerned with the African oil palm, Elaeis, but coconut 
and other oil-producers, such as grotindnut, sesamum, etc., ]la^■e 
also shared. Great Britain has, in fact, not only captured a great 
part of the trade in oil palm products formerly centered in Hamburg, 
but has also encroached extensively on the hitherto undisputed 
supremacy of Marseilles in the other edible oils. 

It is pointed out that, before the war, Germany, having a 
people who consume edible oils largely under normal (pre-war) 
conditions, concentrated, on the crushing of products such as Elads 
kernels and copra which give a high yield of oil, while in Englai’.d, 
edible oils being in relatively small demand, the seeds such as linseed 
giving the best cakes and industrial oils were most dealt in. This 
initial advantage in the edible oil industry was developed by tie 
Germans by means of protective duties which enabled the German 
manufacturer to obtain a higher price for his oil in Gtrniaiij’ tian 
( 358 ) 
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that at which he could export it, hy subsidies to shipping companies 
and probably (though absolute proof of this is not advanced) to 
the manufacturers, and by low rates of transport to factories in the 
interior of the country. It is believed that the Germans could sell 
their oils in Germany at £ 2 a ton more than English manufacturers 
could get in England. The German machinery was also more 
efficient than that used in England which left considerably more 
oil in the cake. The net result was that Germany sent annually 
about 60,000 tons of palm kernel oil to England in the years just 
preceding the war and a further considerable quantity reached 
England in the form of margarine throngli tlie intermediary of 
Dutch houses. On the other hand it was impossible for other 
countries to sell oil or margarine in Germany at a profit on account 
of the heavy duties on these products, ivhile, the raw material was 
allowed to enter free. 

The war put an end to this. The result was an enormous de- 
velopment of the edible oil indu.stry in Great Britain, In Febru- 
ary 1919. the production of margarine in England was 8,000 tons 
a week as against 1,500 tons in 1913, and \Yas approximately suffi- 
cient to meet the British demand. The total production of vege- 
table oils reached 331,808 tons in 1917 and 380,.270 tons in 1918. 
Almost all classes of oil-producing nuts ami seeds shared in this 
increase ; the importation of gi-oundnuts rose from 15,000 tons in 
1913 to 137,750 tons in 1917 ; of copra from 14,000 to 50,400 tons, 
and of palm kernels from 36,000 to 249,000 tons (equalling the pre- 
war German figure) in the same period. This occurred without any 
special Government action other than the encouragement by the 
Food Controller of importation by private ageiicV, and the control 
of the margarine factories so as to secure the application of uniform 
formulae. Maximum prices were fixed for the latter. Arrange- 
ments were made for the imposition of an e.xport tax of £ 2 per ton 
in British colonies on oil palm, products to foreign countries hut 
no action on this was taken during the war (though steps have 
recently been taken to enforce it). 

In France, Government acquired the whole output of its 
colonies and prohibited importation from other sources. The 
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result was disastrous. When groundnuts were selling in England 
at 74 francs per 100 kilos, palm kernels at 63 francs atd copra at 
87 francs, French manufacturers had to pay 126, 142 and 215 francs 
respectively. Against a normal importation of 256,000 tons of 
undecorticated groundnuts, 237,000 tons of decorticated groundnuts 
and 112,000 tona of copra. Prance could only get in 1918, 73,000, 
9,000 and 21,000 tons lespectively, plus 40,000 tons of palm kernels 
and 14,000 tons of palm oil. Even by paying twice the price 
prevailing in England, factories could not obtain anything like 
their requirements ; many ha^ to close, while England was building 
up a new industry. 

Furthermore, beyond a first effort in 1916, nothing was done 
in France to popularize the use of oil palm cake, which was scarcely 
known previously. The result is that at present it fetches less than 
half the price of coconut cake. Yet intrinsically it is scarcely 
inferior to the latter and in Germany was actually preferred before 
the war for feeding milch cattle, giving, it was claimed, a slight 
increase in fats in the milk. In England efforts were made by the 
Board of Agriculture, Experiment Stations and Agricultural Colleges 
to advocate its use, and there was an ample supply available at 
relatively low prices when other feeding stuffs were scarce. It is 
now getting a price which is in relation with its intrinsic value 
and is in the neighbourhood of coconut cake though of course 
inferior to that of linseed. 

It is not to be wondered at, therefore, that as soon as the 
importation of copra again became feasible, the French industry 
abandoned the use of oil palm kernels, and in the spring of WID 
sent about 80,000 tons of the latter to Germany out of their stocks 
of about 100,000 tons. 

Another circumstance tending to aggravate the situation in 
France, in view of the fact that the French colonies cannot at 
present supply more than one-fifth of the French demand, is tie 
growth of the oil crushing industry in the eastern tropics during 
the later stages of the war. This growth is especially noticeable 
in India, the Dutch Indies and the Philippines. No less than 53 oil 
crushing factories have been recently started in the Dutch colonies. 
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Blood-sucking Insects of Formosa. Part I. Tabanidre (with Jananese 
species. By Dr. T. Shiraki, Government Entoniologist, Tailioku 
Agricultural Experiment Station, Formosa; 1918. 445 
and 11 plates. (No price stated.) 


pages 


This monograph of the Japanese species of Tabanid® includes 
several that are recorded as found in India and Buinia also tlie 
following species being listed as occurring within Indian limits 
TO., Chrysops dupar, C. mhlcosiemczi, Tahanm sexcinctus T. 
Umclus, T. albreviatus, T. indianus, I. cmssus, T. sangumm T 
julmmdius, and T. birmanicus, all of which are fully described 
and illustrated in the coloured and line plates. The descriptions 
are unusually full, covering sometimes eight pages of print, so 
that this book should be of considerable assistance to all engaged 
111 work in Indian Tabanidm. [T. B. F.] 


annual report of the district agricultural 
ASSOCIATION OF BIRBHUM AND ITS BRANCH 
ASSOCIATIONS FOR 1919-20. 

^ The report begins with a general survey of the progress made 
since the main Association was constituted fifteen years ago. A 
hw epoch in bs short history began in the year 1918-19 when a 
zation of the difiicnlties of satisfactorily meeting the needs 
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of agriculturists scattered throughout the district set decentrali- 
■ afoot. Rapid strides were made m the organization of Branch 
Associations to deal with smaller territorial units each comprising 
a tham, and, by the end of the year, 30 such associations were 
established. A steady growth in their development has continued, 
and their number has now reached 87. Each Association has 20 to 
50 members, but some have as many as 150. Their work has spread 
into many channels bringing practical and visible benefits not only 
to their members but also to local cultivators in general. Some 
of their most noteworthy activities, worthy of emulation by similar 
associations in other districts, were the successful inauguration 
of useful schemes of re-excavation of irrigation tanks, construction 
of butiis, embankments and canals, consolidation of agricultural 
holdings, opening of agricultural night classes in Middle Englisli 
Schools ill different parts of the district and conservation of manures, 
We congratulate Mr. G. S. Diitt, I.C.S., under whose able guidance, 
as President, the Associations have made sucli healthy and com- 
meiidable progress. [Editor.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. Essays on Wheat, by Prol. A. H. R. Biiller. Pp. xv-f339, 

(London : Macmillan and Co., Ltd.) Price, 2'50 dollars. 

2. Physiology of Farm Animals, by T. B. Wood and Dr. P. H. A. 

Marshall. Part I : General, by Dr. F. 11. A. Marshall. 
Pp. xii-(-204. (Cambridge : At the University Press.) 
Price, 16s. net. 

3. A Biochemic Basis for the Study of Problems of Taxonomy, 

Heredity, Evolution, etc., by Prof. E. T. Reichert, Part 1. 
Pp. xi-f376+34 plates. Part II. Pp, vii-;-377 -834. 
(M’'ashington : Carnegie Institution.) 

4. A Text-book of Quantitative Chemical Analysis, by Dr. A. C. 

Cumraing and Dr. S. A. Kay. Third Edition. Pp. xv-f416, 
(London ; Gurney and Jackson ; Edinburgh : Oliver and 
Boyd, 1919.) Price, 12s. 6d. net. 

5. Chemical Calculation Tables : For Laboratory Use, by Prof. 

H. L. Wells. Second Edition, revised. Pp. v-r-43. (New 
A^ork : John Mriley and Sons, Inc. ; London : Chapman and 
Hall, Ltd., 1919.) Price, 6s. Od. net. 
t), Applied Economic Botany : Rrsed upon Actual .Agricultural 
and Gardening Projects, by Dr, M. T. Cook. (Farm Life 
Text Series.) Pp, xviii“h261. (Philadelphia and London . 
J. B. Lippincott Co., 1919.) Price, 7s. 6d. net. 
b Agricidture and the Farming Bu.siness, by 0. H. Benson and 
G. H. Betts. Pp. xvi-f-778. (Loudon : Kegan Paul and 
Company, Limited, n.d.) Price, 10s. 6d. net. 
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AnnifTLTnRATj .TOURXATj OT INDIA > til 

The following publications have been issued by the Impevial 
Department of Agriculture m India since our last issue 

Bulletins. 

1. Notes on Practical Salt Land Keclamation, by G. S. Henderson, 

N.D.A., N.D.D. (Bulletin No. 91.) Price, As. 6. 

2. Syngamus laryngcus in Cattle and Buffaloes in India, by 

A. Leslie Sbcather, B.Sc., M.R.C.V.S., and A. W. Sliilstoii, 
M.R.C.V.B. (Bulletin No. 92.) Price, As. 6. 

3 A Preliminary Note on the Behaviour in North India of 
the first batch of Sugarcane Seedlings distributed from 
the Sugarcane-breeding Station, Coimbatore, by 1 . b. 
Venkatraman, B.A. (Bulletin No. 94.) Price, As. 8. 



list op agricultural publications in 

INDIA FROM IsT AUGUST, 1919 , 

TO 3tsT JANUARY, 1920 . 


X<'. 


Title 


Author 


IVluTfi ]iubU>^lieil 


GENERAL AGRICULTURE. 


' Tk AgrkiiUnud Juitrnul oj 
IndiHy Voh XIV, Part V, and 
Vol. XV, Pait 1. Price 
I Ke. 1 -8 or 2i. per imrt : annual 
1 subscription Ra () or Uf. U*/. 

! ^ HeuuitiHc li<'{>orts of llie Ayri- 
eultiital Research Instil me, 
Piisa (including the Report _oi ; 
thelinpcrialCotton S|H*ciali-<t > , 
i forl018-iH. Price Re. I • 1 or ^ 
2 ^. ' 


hy the A'liicul- 
tiiral Adviser to the 
Oovernment IrKlia. 


Issued from the Agricul- 
tural Ke.seareb Insti- 
tute. P'Jsa. 


.Mcs>is. Tliackcr, Spink & 
Calcutta. 


Govenmicnt I’rintiinr, 
India, (’alciitta, 


'1 : Report on the Progress of Agri- 
culture in [ndii for l!HS-l!i. 

, Ih'icft Re. l*I or 2>. 

4 Pruceedings of the Board of 

Agriculture in India held at 
^ Pusa on the 1st Dcceinljoi; 

I lOlD, and following days (with 

! appendices). Price As. 12 or 

: U. 3d. 

■> j Xotes on Pifictieal .Salt hand 
I Reclamation, Pusa Agrieul- 

; tural Research Institute 

Bulletin No. 91. Price 6. 

fl A Preliminary Note on tlie 

Behaviour in North India of 

( fhc first bat^h of Sugarcaue 

1 Seedlings fli.'tributed from the 

I Sugarcane Station, Coiinba* 

tore, Piisa Agricultural 
Rvscariili Insfitute Bulletin 
Xo. 94. Price K. 

( 

' Tlio Effect o! Manuring with 
! Superphosphate and Sannai 

<ir\ the Yield of (Vojw on 
IiuUgo Planters’ Kstates in 
Bihar— especially of Rabi 
Props in the seasojj I9J8-19. 
Puna Research Institute 
Imligo Publication No. 0. 
Brice As. 6. 


.Vgricultviral Adviser to 
the (tovennnent uf 
Inrlia, Pusa. 

Ditto 

j 


0. S. Honder.soii, .v.d.a, 
X.D.D., Imperial .Agri- 
culturist, Pu.ea. 

1 

T. Venkalraman. B.A., | 
As. Government Sugar- j 
cane RnixtL Madras, j 

i 


\V. ’’ A. Da^-js. U.SC.. 
A.C’.n.T., Indigo Re- 
st'iiivh Chemist. Pu.sa, 


Ditto. 


Ditto. 


Dltfo, 


Ditln. 


Jlitto. 


( ) 
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LIST OF AOniOULTURAL PUBLICATIONS-conW. 


No. i Title 

Author j 

Where publishf 1 

General Agriculture— caald. 

.. 

S , Guide to Agricultural Section, 
i Pnsa. {Not for sale.) 

Compiled by Agricultural 
Section, l*usa- 

Government riuiiinr;, 

India, Calcutta, 

9 : Annual Re^xiit of the Board of 
, Scientific Advice for India for 
i the year 1918-19. 

Issued by the Board of 
Scientific Advice for 
India. 

Ditto. 

10 j Quinquennial Report on the 
: Average Yield per Acre of 

f Principal Crops in India for 

i the period ending 1916-17. 

1 Price As. 12 or \s. id. 

Tssue<l hy the Depart- 
ment of Stalisties, 
India. 

Ditto. 

ll ' Report on the Prodnetion of Tea 

1 in India in the Calendar Year 
j 1918. Price As. 8. 

Ditto 

Ditto. 

12 Estimates of Area and Yield of 
Principal C^rops in India, 

' 1918-19. Price As. 8. 

1 Issued by tlie Depart- 
ment of Statistics, 
India. 

Ditto. 

13 Report on the Operations of the 
Department of Agriculture, 
Bengal, for the year 1918-19 
i (including Expert Officers' 

I Reports). Price Rs. 2 or 3«. 

Issued by the Depart- 
ment of Agriculture. 
Bengal. 

Bengil Secrotariut he,!, 
Writers' Biiildiusi 

Calfults. 

14 Annual Reports of Expert 
Officers of the Department of 
; Agriculture, Bengal, for the 
year 1917-18. Price Re. 1-12 

j or 2 . 1 , 6(f. 1 

Agricultural Department 
of Bengal. 

Ditto. 

lo Insect of Oanja, Bengal Depart- 1 
' ment of Agricuhure Bulletin ' 
i No. 1 of 1019. Price A. 1. 

Ditto 

Ditto, 

16 ' Annual Report of the Depart- 
ment of Agrinilture, Bihar 
and Orissa, for 1918-19. 
Price As. 6 nr tW. 

Issued by the Depart- 
ment of Agvicultiue, 
Biliar and Orissa. 

Govcnmiciit Bihat 

and (Jrissa, Patna. 

17 Report on the Administration 
of the Department of Agricul- 
} ture of the Unile<l Provinces 

1 for the. year ending the 30th 
i June, 1919. Price As. 8 

1 or 1“. 

Issued by the Depart- 
ment of AgiieuUurc, 
Unite*! Provinces, 

(lovcriHiu'iit 

United IVivincf'S, 

•AUahahad. 

1 

18 Report on the .Agricultural Ex- 
^ poriments in the Central 
(■ircle. United Provinces, for 
the year ending 30th June, 
j 1919. 

Ditto 

Ditto. 

19 Report on the Agricultural 
Stations of the Western Circle, 
United Provinces, for the year 
ending 30th June, 1910. 

Ditto 

Ditto. 



367 


LIST OF AGRICULTURAL PUBLICATIONS 


LIST OP AGRICULTURAL PUBLICATIONS-. 


contd. 


Title 


Author 


'Vherp publisijcd 


General A(jrkullnrc^cmU{, 


0 |) j Combined Refwrt of the I'aitab- 
r garli and Benares Agricultural 
Stations of the United Pro- 
vinces for the year ending 
30th June, 1919. 

21 j^Dual Report of the Depart- 

ment of Agriculture, Punjab, 
for the year ending ^th 
./une, 1919, Part I. Price 
■ As. 7. 

22 Annual Report of the Depart- 

ment of Agriculture, Punjab, 
for the year ending 30th 
June, 1919, Part II. I’rice ; 
Rs. 2-12or 7.^. Irf. 

23 Season and Crop Report of the 

Punjab for 1918*19. Price 
Re. i or U. 

24 , Annual Report of the Lawrence 

Gardens, Lahore. Price A.s, 2. 

2u Prospectus of the Punjab Agri- 
cultural College, Lyallpur. 
(Ao/ jor saU.) 

2(i Tables of the Agricultural iStatis- 
tics of the Punjab for the year 
1918-19. 

27 Annual Report of the Depart- 

ment of Agriculture, Bombay 
Presidency, for 1 91 8* 1 9. Price 
As, 14 or I s, 9</. j 

28 Season and Crop Report- of the. j 

Bombay Presidency. Price i 
As, 8 or I-v. 1 

29 IVerk on the Manjri Parm for 3 ! 

years 19l,=i-is, Bombay De j 
partnient of Agriculture | 

' Ihilletin Jjo. 00 of J918. ^ 
Price As. 7-3 j». or 9rf. 


inent of Agriculture, 
United Provinces. 


United 

Allahabad. 


Pixj Vinces, 


Issued by the Depart- 
iiient of Agriculture, 
Punjab. 


Uovoromcat Printing, 
i unjab, Lahore. 


Ditto 

1 Ditto. 

i 

! 

Ditto 

i 

1 

i Ditto. 

1 

Ditto 

' Ditto. 

Ditto 

i Ditto. 

Ditto 

Ditto. 


Issued by the Depart* Government 
ment of Agriculture, j Press, Boiubav 
Bombay. ' 


Central 


Ditto 


Ditto, 


J. B. Knight. Prl^^f^>or Ditto, 

of .Agficnlttire. 


30 The CTiUiratii)n of Bci>cpm in Lt»keram Jy. Hrlwani. Ditto, 

bind Experiments at Siikkar. L. Ag. 

Bombay Department of Agri* 

' culture Bulletin No. 91. 

Price A. 1 or Irf. ; 


31 Classiticatioii and Description of 
the Jowars of the Bombay 
Kamatak. Bombay Depart- 
I inent of Agriculture Bulmliti 
! 92 of 1919. Price As. 10 

! or lid. 


0. K- Kotliir. B. Ag., Yeravda Prison Press, 
Cottim SnfKTvisor. Poona, 
fkiuthem Division, 

Bombay Presidency. 
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No. 1 

1 

1 TilU‘ 

Author 

Where published 


General Agriculture— contd. 


32 

Report on the Opeiations of the 
Uepai'tmont of Agricultun?, 
Madras Pre^>i(.lency, for 1018- 
! 9. Price As. 3 or 'id. 

Is.wed by the Depart- 
, meat of Agriculture, 
Madras. 

Government i' 

Madras. 

33 

A .Soil Survey of the Kist,na 
Della. Madras Department 
of Agriculture Bnlletm No. 75. 

W. H. Harrison, D.sc., 
M. R. RainasamiSivan, 
B.A., nip., xkgri., and 
B. Visvanath. 

Ditto. 


Note on Tobacco Cultivation in ' 
Godavari Lankas. 

Compiled from the experi- 
ences of T. 11. Barry, 
Esq., of Cocanada. 

Ditto. 


Control of Important Padtlv 
Pe8ts. 

M. R. Ry. D. Bala* 
krishi»a Moorthy. 

Ditto. 

3(i 

Rejwrt on the Working of tlte 
D(i partment of Agriculture, 
Central Provinces, for 1918-19. 
Pjict! Re. 1 or U. Orf. 

Issued by the Depart- 
ment of Agriculture, 
Central Provinces and 
Berar. 

Government ji 

; Nagpur, 

3T 

Report on the (I) Agricultural 
College, Nagpur, (2) Botanical 
and Chemical Research, and 
(3) Maharajbagh Menagerie. 

1 Price As. S. 

1 

Ditto 

Ditto- 

38 

Report on tlie E.xperiiiienlal 
Farm attached to the Agricul- 
tural Colieire, Nagpur, for 
1018-19. price As. 8. 

Ditto j 

Dido. 

39 

Report on the Demonstration 
Work in Northern Circle for 
1918-19. Price As. 8. 

Ditto 

Ditt.) 

40 

Farm Yard Manure. Central 
[’rovinccs Department of 
Agriculture Bulletin No. III. 
Farm, Price As. 2. 

R. G. Allan, Princi- 

pal, Agricultural Col- 
lege, Nagpur. 

Ditki. 

41 

Some Observations on tlie 
C<)t ton ( ultivat ion . t ‘en( ral 
Pi'ijviucfs Dcpaitiucnt of 
Agriculture Bulletin No. 1\'. 
Price A-. 2. 

Ditto 

DiUu. 

42 

ImiKjrted Ploughs and their 
Sati>factorv Working. Central! 
Provinces Department of Agri- 
culture Bulletin No. V. 
Price As. 2. 

i Ditto 

m\x 

43 

Oilcakus : Their Uses as Cattle 
Food and Manni’e. Central 
Provinces licpartinent of 
Agriculture Bulletin No, VI. 
Price As. 2. 

F. J. Plymen, Deputy 
Directorof Agricnlturi', 
Western Circle. 

llitlo. 
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Annual Report of the Depart- Issue, j k„ ,, 
mcnt of Agriculture, Assam, ,„e„t I'r ‘f ■Mart Tin- Assam ■ , 

; March, 1919. Price As 8 or hhillo,,.: 

9<f. 


\ Report of the Agricultural 
E.^periments and Dctaon-s- 
trations in Assam for 9 
mouths ending 31st March, 
1920. 


Ditto 


Ditto. 


Report on the Operations of the Issued l.v 
Department of Agriculture, , " I,”';!’'"''- 


Department of Agriculture, 
Burma, for the year ending 
30th June, 19iy. Price Ah. 8 
or Is. 

i Guinea Grass. Burma Depart- 
I ment of Agriculture Leatict 
: No. 52, 


nicul of Agriculture. 
J>urma. 


.-'I' Kcrrel, D,.|,u,v 
l>i(('(-tfir i.f Agricitl* 
turc, Si.utlicrn Circle, 

J»u\ ciiiif ( ''umui>-.i()fj(;.r, 

-Xi'ith-U I'Vi.uuicT 

Pl'A'illcr. 


I’nnting 

Othce, Biiimti.HEuigoon! 


Ditto. 


N- U , I- j>, Govei-niiicjit 
1 t'cduiwar. 


oO 


.Madiii'. Agiieuliunil 
•'^tiidonl^ I'liion. 


.Siiiiimary of Reinark.s on the 
Kharif Crop of the Xoitli. 

West Bronticr Province fur 
1919. Price A.s. 7 or lOrf. 

Th Journal of the Madras A>jri- 
' cultural Student J C„io,i 
(monthly). Annual .sub- 
scription Rs. 2. 

-rt.i;rr'-; tV' 

perooijV. • I*'* ^alfutru. 

. ciation. CaU-tittii. 

hB -<=- 

'Ir-'ifSSi .Ss 

Mibscnption Rg. 2. miiict, ioona. 

-’^7" Mysore Agricultural IN- 

(<Pia.rtcrl,rXm: 

•■'Ubscnjitiun K.s. 3, 


l-iteraiy .Sun Pro.,, Coi,,,. 
batotv. 


Tltaukur. Npink tk 
Cniciitla, 


•Aryn Hiuistn 

iV'Ona. 


I'lCsv. 


Rauga! 

Inix'. 


I’re.ss. Hauga- 


^■3 I Ind. 


Calcutta. 


IVra t'c 
< alcutt.i. 


Cc.. J’rinters. 
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No. 


Title 


Author 


Where published 


AGRICULTUBAL CHEMISTRY 


o6 


The Phosphate Requirements of 
some Lower Burma Poddy 
Soils Memoirs of the Depart- 
ment of Agriculture in India, 
Chemical Series, Vol V, No. 5. 
Price Re. I • 1 2 or 3^. 3rf. 


P. J. Worth, M.ac., b.8c.. 
Agricultural Chemist 
to the Government of 
Burma, and Maung Po 
Shin, Assistant to the 
Agricultural Chemist 
to the Government of 
Burma. 


Messrs. Thacker, Spink k 
Co., Calcutta, 


57 Absorption of Lime by Soils. 
Memoirs of the Department of 
Agriculture in India, Chemi- 
cal Series, Vol. V, No. 0. 
Price Re. 1-2 or 2«. 


F. J. Worth, Agricultural 
Chemist to the Goveni- 
ment of Burma, and 
>taung Po Saw, Assist- 
ant to the Agricultural 
Chemist to the Govern- 
ment of Burma. 


Ditto. 


58 


Proceedings of the First Meeting 
of Agricultural Chemists and 
Bacteriologists held at Pusa 
on the 24th February, UM9, 
and the following day?. Price 
Re. 1 or 1-?. 6d. 


Issued frotu the Agricul- 
tural Research Insti- 
tute, Pusa. 


Government Pdntins: 
India, Calcutta. ' 


BOTANY 

59 Studies in Indian Sugarcanes • C. A. Barber,c.l.E.,Sc.D., 
No. 5. On testing the suit- | F.L.S., Govenuuent 

ability of sugarcane varieties i Sugarcane E.spcrt, 

i for different localities by a ; Madras. 

! systetn of measurements, i 

! Periodicity in the growth of ' 

the sugarcane. Memoirs of | 
the Department of AgrictiUure ! 
in India. Botanical Series, Vol. ■ 

X, No. 3. Price Re. 1-12 or 

: 3 ^. 


Messrs. Thacker, ^jjink J 
Co., Calcutta, 


MYCOLOGY. 

60 A Pythium Disease of Ginger, L. 8, .Subramaniain, Messrs. Thacki-r, Spink i 

Tobacco and Paj)aya. Assistant to the- Im'- Co., Calcutta. 
Memoirs of the IVpartment of |)crial Mycologist, Pusa. 

Agriculture in India, Botani- 
cal Series, Vol. X, No. 4. 

; Price Re. 1*8 or 2'?. Od ! 

I 

61 Proceedings of the Second .Meet- Issued from the Agricul- Government Printing, 

ingot the Mycological Workers • lural Research Insli- India, Calcutta, 
in India held at Pusa on the lute, Pusa. 
i 24th March, 1919, and follow- j 

i ing days. Price As. 11 or 1-if. ' 

ENTOMOLOGY 

62 A Contribution to our Know- T. V. Ramakrishna Ayyar, Government PnutiJi;-’ 

ledge of South Imiian b..\., f.e.3,, f.z.s., Act- India, Cali utU- 
Cocc'idae, Pusa Agricultural ing Government Eiito- 
i Research Institute Bulletin mologist, Madras. 

5 No, 87. Price Xs. 14 or 1«. 3rf. 
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Title 


Authu 


" lien, piililislicd 


i'/lfomo/oyy_OQn(.|il. 

Scouiid Hundred Notes oa Indian ■ romoilcd hv v..( i 
Insects: Pnsa Agricultural gieSc^Lfl'n:':"'"' 


Research Institute^ Bulletin 
No. S'J. 

RiceHispa. .Aladras Depaiiinent T. V. 
of Agriculture J.eafiet No. 1. Ayym 

Hairy Caterpillar. .Madras Uo- T. 


iJiltu. 


Kaiirakiislina 

-MaiJra.'. 


partment ‘ of Agriculture ^ Avear 
Leaflet No. 2. ‘ ' 




VETERINARY 


Aiinaal Re|xjrt of the Iinperi.il ! Biredor and 1.], . <■ 

Bacteriological laiboratoiy, | |{n<.t(Tiol„„is( i,,,,,,.,.;, idintin 

Hacterk.loeical iL;;;'.' 'alctta. 

ratury, Muktu-vat. 


Mukte-sar, forthe voar endin 
3lKt March, lOiO." Price 
4. or Ijd. 


♦17 


! A Malarial Parasite in tiio lilood 
of a Buffalo. Pu^a Agiiciil- 
; tural Research Institute 
Bulletin No. 90. f’lice 
A.s. (i or 7d. 


A. L Slieathcr. 

M.R.. .V.S.. |)irc< (..rj,nil 
i usf Ihutcriolfiui'i. 
iM)|..nal B.KtciMl.i.ii- 
cal l.<i)K>rat‘<r\. Mnk- 
j le.'ar. 

Proceedings of the Id, -St Mieting i U.ued A..n,.ul. 

lif U-lerinary Oftieers in Iridiu i ii,n,| 
held at Lahore on the 2tlh I tine I'u.i 
March, 1919, and follotviuM j 
days («ilh u|ipeiidices). : 

Price A.«. S or 9i/. j 


b!l tti/iigamiia kryngeHt in Cuttle and 
Biiftaloes in India. I'u.sa Be. 
.search Institute Bulletin 
No. 92. Price ,\.s. (J. 


-"imi.llli, port of the Civil Vete 
riiiarv l)e|iai1inent. Bihar A 
Orissa, fur lillS-HI. 

Aiiiimil Rrjioit of the Ihiiijuh 
\elemiary College. Civil 
.' rtff'iiar.v lIopaHiiient. Pun- . 
Jill), and the GovcmnientCattle 
;«™. Hissar, fo, the veur : 
1.118-19. Price A.S. lOor'itW. . 

Riiiilerpest. ' 

0{ Agriculfiiiv l/7aHi’( 


A. I.. Sliuath r. fc^.. 
M.i;.c.v..s.. I >i[fct<‘r 
••n«l I'iist !5a<t<ji.il,. 

-L'isl.iind A. \V. sliilsiMii. 

hn|i(‘n:il Kiii-tiTifilfia':. 
ftnpmal l>;utiiUiI..-ji. 
cal luabiijattiry. Miik. 
tesar. - 

hy the hfpirt- 
nu-ni <»f Auntiihiiif. 
liiliar A- 


DiU't 


iJiiri, 


Ditto. 


♦■'•vcrriiticnt Puss. On 
ZitrhuMi. Patiifi. 


P.-iiod !.y fli 
riu'til of A 
l*unjMh. 


'i'’ n<'i>ai 1 - 


♦•"Vi-ramciii 

i.alioiv. 


lAilltilltr, 


h. Ware M.ia.r.v. v. I :ovcn!n;f'jit Pivs- M;ulr 

nitendent. t'ivil \ eUii 
nary IVnartuuiu. 

Madra.s. 
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LIST OF AGRICULTURAL PUBLICATIOKS-concid. 


No. I 


Title 


Author 


Where published 


V eimwi ry— conoid. 


73 i Annual Report of the Veterinary 
IJepaitment, Assam, for the 
year ending 31st March, 1919- 


Issuwl by the Civil Ve- j Assam Secret ?, 114 

tcrina^ Department, 1 Printing Office, 

Assam. j long. 


71 Report of the Civil ^’eferinar}' 
Dcpartniont, Burma, for the 
year ending 31st March, 1919. 
Price As. 12 or Is-. Id. 


IwuihI by the Civil Vetc- i Govcmnieat Printuip 
rinary Department, ■ Burma, Rangoon. 
Burma. 


PUBLICATIONS OF THE IMPEHIAI DFPapt 
MRNT OF AGRICOLTDHP IN SoJa 


to BE had PBOM 


I’HB Officb op the Aqkiodltoral Adviser 


[1| THACKER. SPINK A CO., Calcutta. 
(2) W. NEWMAN & CO., Calcutta. 

(;l) Rai M. C. SARKAR BAHADUR A 
SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras 
[51 THOMPSON &CO., Madras. 

(6) D. B. TARAPOREVALA, SONS A 
CO., Bombay. 


to the G0VERnjub^.j ok Ivi.Ti D 

and from the foltoteing AgenU ^ 

1 HACKER A (^Q T Tn u 

SUNDEK PANOurIno’.BombIv. 


(7) 

(S) 

(9) 

(lOl 


^ iXiUturr in Mia*' btoinS" ' 

Agricultural Adviser to the Government Tf 
from any of the above-mentioned Agents. ^ ^ ' 

These publioAtiona are j— 

1. Th 0 AgrkuUural Journal o/ India A j i- 

agricultural economics, field and Harden connected wi 

methods of cultivation. irriaation rii^ T’ *“"5!”"^ ‘"d fruits soils 

co-operative credit, agriculturfi cattle ‘''J"'*'*’'"'*- '"sect pests, fumtui d?s.«! 

jn Indu. Illustrations, iMcluding co olire^l platT'f”.!r^ agriculfuial matte 

."r f 

postage. Single copy, R, 1-8 or 2». ^ R». 6 or 9n W., indud^^ 

the Imperial c!)tto°n SpectalsS.''*'"^’^' Research Institute, Pusa (including the Report c 
3. Annual Report on the Progress of Agriculture in India, 

I. Proceedings of the Board of Agriculture in India 
0. Proceedings of Sectional Meeting, of the Board of Avricil.urc 
«. Memoirs of the Imperial Department of Agriculture "n il:: 

(a) Botanical Series. 

(b) Chemical Seriea. 

(e) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

i Bolt" Pusa. 

sc^ntr'Rtporrof thtr^"", 

‘‘»p«rt on the Pror,.es, of Aph‘"I ° R- 1-8 or 3d 
Proceedings of the R j * l'“l>a for the ye.ar 1913-19. Pi-ij,. R i.j „ .o ' 
'»ll“«PSdays(H“th AVtdk^f'p the |,t December' ^919, and 



AdRlCULtURAL PUBLICATIONS.— (Conaie?.) 


Prnpfpiiiiiffs of the Second Meeting of Mycological Workers in India, heid at Pusa on the 
20th February, 1919, and following days. Price. As. 11 or Is. 

P,oceBdlnes of the First Meeting of Agricullmal Chemists and Bacteriologists, held at f'nsa 
on 2ith February, 1919, and the following days. Price, K. 1 or Is. 6ii. 

Proceedings of the First Meeting of Veterinary Officers in India, held at Lahore on the 
^ ^24th March, 1919, and following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Third Entomological Meeting held at Pusa in February, 1919, (/„ (jj 
prm.) 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


Vol. 

IX, 

No. 

IV. 

Vol. 

IX, 

No. 

V. 

Vol. 

X, 

No, 

I. 

Vol. 

X. 

No. 

II. 

Vol. 

X, 

No, 

in. 

Vol. 

X, 

No, 

IV. 

Vol. 

X, 

No. 

V. 

Vol. 

X, 

No, 

VL 

Vol. 

XI, 

No, 

I. 

Vol. 

XI, 

Ho. 

IT. 


BOTANICAL SERIES 

Studies in Indian Sugareanes, No. 9. The Classification of Indian Panes 
witli special reference to the Saretha and Sunnahile Groups, by C. A. 
Barbeb , sc. D. Price, Ks. 2-4 or 3«. 

PhytopMhora Meaiiii n. sf. on Hima tn'asiliensis, by W. McRae, m.j,, 
B.sc., F.L.S. Price, K. 1-4 or 2t. 

The Eice Worm (TpfenchtiJ onpns/m) and its Control, by E. J. BfutE, 
M.B., F.L.8. Price. R. 1-4 or 2s. 

Studies in Indian Sugnrc.ines, No, 4. Tillering or Underground Branch- 
ing, by C. A. Barbf,b, sc.r>., F.i.s. Price, Ks. 4-4 or 7e. 

Studies in Indian Sugareanes, No. 5. On testing the suitability of siigar- 
cane varieties for different localities, by a system of measureraents. 
Periodicity in the growth of the sugarcane, by C- A. Babbek, C-h., 
so.D., F.L.S. Price, K. 1-12 or 3 j. 

A Pythium Disease of Ginger, Tobacco and Papaya, by L, S, Suhrama- 
niam. Price, R. l-S or 2s. Ccf. 

Studies in the Pollination of Indian Crops, I, by A. HowABn, Gabkizue 
L. C, Howard, and Abdur Rahman Khan. Price, R, 1-4 or 28, 6il. 

“Kumpta” Cotton and its Improvement, by G, L, Kutiuk, B. Ag, 
[In the prest.) 

Some Aspects of the Indigo Industry in Bihar, Part I, The Wilt 
Disease of Indigo. Part II. The factors underlying the seed produt- 
tion and growth of Java Indigo, by Adbkkt Howard, o.i.e.. m.a,, and 
Gabbii'-L[-R L- fb Howard, m.a., with the a,ssistanco of Oho« dhlkv 
Kamdhan SlNCHand MaoLVi Abdur Rahman Kh.an. [In the prm .) 

Studies in Diseases of the Jute Plant. (1) Diplodia Corchori, Sjd„ bj 
F. J. F. Sbaw, d.sc., A.B.C.8., f.i„8. [In the press.) 


CHEMICAL SERIES 


Vol. V, Ho, II. 
Yol. V, No. III. 


Vol. V, No. IV. 


Vol. V, Ho. V. 


“ Heart Damage’* in Baled Jute, by R. S. Fin LOW, B-Bc,, F.I.C., F.u.a, Price, 
K. 1 or Is. tkf, 

Experiroents on the Improvement of the Data Palm Sugar Diduetryin 
Bengal, by Haboi.d B. Annett, b.sc., f.i.c. ; Gosta Behari Pal, ji.sc. 
and INDU Bulshan Chatterjee. L.Ag, Price, R. 1 or Is. 6,1. 

Cholam (A. Sotahum) as a Substitute for Barley in Malting Opeiations, by 
B. VisWANATii, T. Lakshmana Row, b.a., and R A, Raghu.vathi 
SWASH Ayyanoak. Dip. Ag. Plico, As, 12 or is. 

The Phosphate Requirements of some Lower Burma PrJ<1,v 
F. j. Wakth, m.sc., B.SC., and Maung Po Shin. Price, R. 1-19 or 6 s . ». 


Vol. V No. VI. Absorption of Lime by Soils, by F. J. Wakth, M.ac., B.sc,, and Macsc. 
Po Saw. Price, K. 1-2 or 


BNTOMOLOQICAL SERIES 

Vol. V, No. V. The Rice Leaf-hoppers (Nephotetiix bipunctatvt, Fabr. and 
o;piraZi5, Motsch.), by C. S. MifjKA, B.A. {In the pnBS.) 

Vol. V, No. VL Laniana Insects in India. Being the Report of an Inquiry into ^ ^ 
ciency of Indigenous Insect Pests as a Check on the Spread ot - 
in India, by Y. Ramacuandra Rao, M.a., P.b.b, (/n 



ENrOMOLOaiCAL SERlES.-(C(mrfi) 


. YI LifS'histories of Indian Innectfl: Miorolepidoptera. by T. BainbrigoI'’ 

FlbtcheR, l'.l.8.,F.E.S.,f.z.s., Imperial Entomologist. [In the 
prm.) 

So. I. Pterophoridsc. 

No. n. Carposinida:, Pbalonid®, Tortiicidaft and Eucoaraidir, 

No. III. Gelechiad^. 

No. IV. CosTOOpterygidsc, Uficophoridac, Physoptilida>, Xyloi jctida*. Skenomlda? 

” and Orneodidm. 

No. V, Heliowlid*. Heliodinidjc. Glyphipterygidic, BlaHtobasidieanti Hypono- 

menbidso. 

No. VI. Gracillariadje. 

No. VII. Eperioeniadaj, Plutellidic and LyonetiadiC. 

„ No. Vlll. Tinelda) and Nepticulidic. 

Vol. VII, No 8. 1 & 2. New Indian Gall Midges (DIpteia). by E P, .State Entomologist 
of New York. U. S A. ; and Description of a Phinocyplilue larva 
from Shillong, by Major F. C. FRASfcR, i.m.s. 


BACTBKIOLOQICAL SBKIBS 

Vol, I. No, VII. A Bacterial Disease o( Wheal in the Punjab, by C. M. Hitghinson, b.a. 
Price, As, 12 or 1*. 

Vol. I. No. VIII. Pebrine in India, by C. M. HuTOinv-os. b.a. (In the iirm.) 

Vol I. No. IX. Studies on the Root Nodule Organism of the Leguminous Plants, by 
N. V. JtK'sHI. .v.sc., B.A., L. Ag. [Inthe pre$$.) 


VBTBRINARY SBRlBS 

’'qI II No. VIII. Kxrnri'. Combined Diffuse Sclerosis and Central Poliomyelitis of Horses, 
' ’ by G. H. K. Macauster, M.a., D.P.n. Price, K. 1-8 or 2s, 6d. 

/o! Ill No. I. The Vitality of the Rinderpest Virus outside the Animal Body under 
Natural Conditions, by A. W. Shilston, Price, As. 12 or U. 


Xo. TL 
So. 78. 
So. 79. 
No. 8tl. 
No. 81, 

No. 82. 
So, 83, 

'l... 8b 

' No. 85. 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE. PUSA 

.Sc. PjJce, 


Some Camel-feeding Experiments, by H. E. Cross, m.r.c.v.s,, d.v.h, 

As. 2 or 3d. 

Srautsof Jowar [Sarghum) in the Bomb.ty Presidoncy, by 0. S. Kui.kakni, L.ig. 
Price, Aa- 4 or 5rf. 

Prussic Acid in Burma Beans, by P. J. Warth, K.SC., ; arid Ko Ko GYI, 
Price, As. 2 or 3(1. 

Are Camels Susceptible to Black Quai ter. Hemorrhagic .Soptlcicmia and ilinderpest, 
by H. E. CROSS, M.K.C.V.S.. P.v.u.. A-SC. Price. As. 4 or o<f. 

The Value ol Phosphatic Manures in India and the Possibility of their Maniifac- 
tiire on a Larger Scale. Being evidence submitted to the Committee appointed 
10 diflcuaa this question (Subject IX) at the .Meeting of Ihc Board of Agriculture, 
Poona, 1917. Edited, with .an Introduction, by VV. A. Dx\l\ B.sc., a.L'.o.i. 
Price, As. 4 or W, 

The Improveraent of the I.idiRenou^. Metho.l, of 'fi,,' au'i Sosar mahu.K in iKo United 
Prorinceu, by WlLUAM HuLMRand B. P. Puce, As, 8 or 9(1. 

Progress of the Sugarcane Industry ill ludia during the Vears 1916 and 191., Being 

Notes submitted to the Meeting of the Boaid oS Agrictiltare in India, P™”a, 1917. 
Edited, with an Introiliiction. by U. A. Barbf.k, i..I.t:., sc u., F.L s. Puce, As. o 
or 6<f. 

The Best Means of Hapidly Increasing Hie Onttiinis of 

within the Power of the Agricnllnral Dopai tiiient, Being Notes snhmmed to the 
Meeting of the Boa^ of Agriculture in India, Poona. 191i. - 

Introduction, by J. M 4CKBNHA, c i.R.f LC.S. Price, Aa. 4 oi (. 

Soil Drainage, by R. O. Atlas, M.a. Price, As. I or M. 

A New Nematode causing Paraaitic Gastritis in Calces, by A, h. Sheathek, b.sc., 
M.K,c.v.?. Price, As. 4 or 5c(. 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE, PVSA—{Goncld.) 


No. 87. A Contribution to our Knowledge of South Indian Coccid», by T. V. RAMAKRisgsi 
AYYAR, B.A., F.E-8., P.2.8. Price, As. 14 or Is. 6d. 

No. 83. Cawnpore-Ainerican Cotton : An Account of Experiments in its Improvement hv 
Pure Line Selection and of Field Trials, 1913-1917, by B. C. Btjrt, b.sc. an? 
NI2AMUDDIN Haider. Price, As. 10 or Is. ^ 

No. 89. Second Hundred Notes on Indian Insects. Price, R. 14 or 2s, 

No. 90. A Malarial Parasite in the Blood of a Buffalo, by A. L. Sheather, B.Sc., a 
P rice, As. 6 or Id. 

No. 91. ^lotea on Practical Salt Land Reclamation, by G. S. Henderson, n.d.a,, 

Price, As. 6. ‘ ’ 

No. 92. Synfifamus laryngeus in Cattle and Buffaloes in India, by A. Leslie Sheather, bsc 
M.R.C.V.s., and A. W. Shilston, M.R.C.V.S. Price, As. 6. ' *' 

No. 93. The Orange: The Trial of Stocks at Peshawar, by W. Robertson Brown. [Inthi 
pr€ss.) 

No. 94. A Preliminary Note on the Behaviour in North India of the first batch of Sucarcare 
Seedlings raised at the Sugarcane-breediiig Station, Coimbatore, by T 
Venratraman, b.a. Price. As. 8. ’ ' 

No. 95. A Note on the Treatment of Surra in Camels i:»> Intravenous Injections of Tartai' 
Ernetic. by H. E. Cross, m.r.c.v s., d.v.h., a.sc. [Iti the press .) 


INUIQO PUBLICATIONS 


No. 1. A Study of the Indigo Soils of Bihar. The Urgent Necessity for Immerliate Phoi 
phate Manuring if Crope are to be Maintained, by W. A. Davis bup 
A.C.O.I. Price, R. 14 or 2«. ' 

No. 2. Present Position and Future Proapecta of the Natural Indigo Industry, by W. A 
DAVig, B.sc,, A.C.G.I. Price, As. lU orU. ‘ ’ 

No. 3. The Loss of Indigo caused by Bad Settling and the means of ob’ iating thh 
• The uae of Dhak Oum— its Effect on Yield and Quality, by W. A. Di vis, b,sc-, 

A. C.O.I. Price, As. 4 or 5<i. ’ 

No. 4. The Future Prospects of the Natural Indigo Industry : The Effect of Supevjihos. 

phate Manuring on the Yield and Quality of the Indigo Plant, by W. A. Dayisi, 

B. sc,, A.C.O.I. PHce, A*. 4 or 5rf. 

No. 5. An Improved Method of preparing Indican from Indigo-yielding Plants, by Buailal 
M, Amin, B.A. Price, As. 2 or 3d. 

No. 6. The Effect of Manuring with Superphosphate and Sannai on the Yield of Crops on 
Indigo Planters’ Estates in Bihar— especially of Rahi Crops in the Season 191S- 
1919, by W. A, Davis, b.sc., a.C-O.I. (fn the press .) 


BOOKS 

“Indian Insect Fests,” by H. Maxwkll-Lefrot, m.a., f.b.b., f.z.b. Price, R. t-5 or2i 
{Out of print.) 

“Indian Insect Life,” by H. Maxwrll Lefkoy, m.a., f.r.s., f.z.s. ; and F. M. Howlett, 
B.A. 786 pp. Price, Rs. 20 or'Kli. {Out of print.) 

“Wheat in India,” by Albert Howard, m.a.. a.r.c.s., F.L.e, ; and Gabrieur L. C. 

Howard, m.a. 288 pp. Price, R«. 5 or 7$. 6d. 

“A Description of the Imperial Bacteriological Laboratory, Muktesar: lU Wovk and 
Products,” by Major J. I). B. Holmbs, m.a., d.8c,, m.r,c.v.8. Price, As. 8 or 9d. 

“ Agriculture in India," by James Mackbnna. m.a., l.c,8. Price, A>. 4 or 5d, 

“Some Diseases of Cattle in India, A Handbook for Stock-owners.” Price, As. 3 or 9<f. 

“ The Importance of Bacterial Action in Indigo Manufacture,” by C. M. Hutchinson, 
Price, As. 2 or 3d. 

“Report of the Proceedings of the Second Entomological Meeting, held at Piisa on thi 
5th— l2th February, 1917.” Price, Be. 3, 


Report of the Indian Cotton Committee. Vol. I, Report ; Vol. II, Map^ and Plans, Pric® 
R. 1 per volume. (Superintendent ; Government Printing, India, Calcutt:^.) 




